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The problem 


, set by 
CLYDESDALE STAMPING CO. LTD. 


To heat-treat drop forging die blocks, 

inserts and punches by a method which 

will avoid cracking, decarburisation and 
scaling during treatment, minimise distortion, 
reduce labour cost by working on annealed 


blocks, and give increase in die life. 


é 


given by the ‘Gassel’ Heat Treatment Service 


Dies weighing 2} to 13 cwts. are preheated 
in the gas purged chamber of the 30° x 36 
‘Cassel’ salt bath furnace, transferred to 
‘Cassel’ W.S. 720 and Regenerator A in the 
salt Bath, then quenched in T.S. 150 in a 
“Cassel” 66" x 30” x 42” T.1 furnace, and 
finally air-cooled and washed. This treatment 
ensures freedom from scaling, decarburisation 
and noticeable distortion. Die life is increased 
7§-100",,. Isothermal annealing of worn 


die blocks is also carried out in this plant. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON, S.W.1 


c.192 
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40 owt. hammer, John Wilke: Sons & Mapplebe:k Lid 


cut costs with... 


Massey electrically driven pneumatic power hammers arc 


Massey designs include :— 





available in a range of sizes from | cwt. to 40 cwt. capacity Steam and Compressed Air Hammers, 
They are as powerful and as easily controlled as the best Pneumatic Power Hammers, Friction Drop 
steam harimers and will strike definite controllable single Hammers, Double-acting Steam and 
blows in addition to a wide range of automatic blows Compressed Air Drop Hammers, 
By virtue of low running and servicing costs these hammers Forging Presses, Trimming Presses, 
show considerable economy in large or small forges nee Faaieg Sete 


BS. SEY E? opensHaAw - MANCHESTER - ENGLAND 


MAKERS OF THE WORLD'S GREATEST RANGE OF FORGING PLANT 
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They rely on ARFI Fi Gas Carburising at 


Holman Bros. Ltd. 








Precise control of depth and type of 
case is afforded by both Wild-Barfield 
gas carburising processes — the 
“P.T.G.” and “Carbodrip” drip 


feed. By these methods carburising 





proceeds at almost the maximum 
theoretical rate. We will be glad to 
send you full details on request. 





iid) FOR ALL HEAT-TREATMENT PURPOSES 


FuRwaACES 


/ 


LLe& 


r 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
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Tri-Mor Plastic & Gastables 


MAKE INSTALLATION EASIER, QUICKER AND CHEAPER 


Front and side walls of a Queen Mary boiler in Tri-Mor High Temperature Mould- 


able, with MR 60 anchors 


TRI-MOR GRADES 
TRI-MOR Standard Castable 


A medium texture refractory having 
shrinkage up to 1,350 C. Suitable for casting special 
shapes or for monolithic structures. Limiting service 
temperature 1,350 ¢ 

TRI-MOR High Strength Castable 

A similar refractory to Tri-Mor Standard Castable 
but specially developed to have very high mechanical 
strength over the lower temperature range. Maxi- 
mum service temperature 1,250 ¢ 


TRI-MOR High Temperature Castabl 

Suitable for face temperatures up to 1,600 ¢ 
extremely high resistance to thermal! shock; used for 
cast in situ monolithic structures and for pre-cast 
refractory shapes; can be applied with a cement gun 


negligible 


; has an 


Burner quarl 


" 


Tri-Mor High Temperature Castable 


TRI-MOR High Temperature Mouldable 

A plastic refractory for use up to 1,650 C: low shrink- 
age and a high resistance to spalling. Supplied mixed 
to the correct consistency for installation 
TRI-MOR Dense “Guncrete” 

A hydraulic setting refractory with a maximum ser- 
vice temperature of 1,300 C. It has a high resistance 
to abrasion. Designed for application by cement gun, 
but can be trowelled. 

TRI-MOR Insulating Castable 

An insulating castable for maximum service tempera- 
tures of 1,200 C; low thermal conductivity is its 
feature. 

TRI-MOR Insulating “Guncrete” 

Similar to Tri-Mor Insulating Castable but for appli- 
cation by cement gun. 

Full details of each grade are available on request. 


main 


MORGAN 


efrac 


rité to 


For further information plea 


MORGAN REFRACTORIES LTD. NESTON, WIRRAL, CHESHIRE. TEL 


tories 


NESTON 1406 


138 
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Spciy- A 


DISPERSIONS 


ACHESON COLLOIDS LTD. (Subsidiary of Acheson Industries (Europe) Ltd.) - PRINCE ROCK ~ PLYMOUTH DEVON 
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Crown Copyright. Reproduced by 
courtesy of Department of Engineer- 
be @) U G Wi T O-SA F FE in-Chief of the Fleet, Admiralty 


FIRE-RESISTANT HYDRAULIC FLUID 





Satisfies the most exacting demands and 
combines excellent hydraulic efficiency with 
high safety value. 
Itis:— Non-corrosive 

Non-foaming 

Non-toxic 

Non-fuming 
The high film strength of Houghto-Safe 271 
provides the metal surfaces with greater pro- 
tection for longer periods—EXTRA SERVICE 
LIFE. 


Houghto-Safe 271 has been chosen by the 
Admiralty for the Retraction and Control 
System of B.S.4 Steam Catapults installed 
in Britain’s latest Aircraft Carrier H.M.S. 
“VICTORIOUS.” 


Houghto-Safe 271 is a product of 


a 





BIRMINGHAM 4, ENGLAND 


Works and depots 
Birmingham Manchester Liverpoo 
Southall (Middx Bristol Glasgow 


i 
I 
j 
! 
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made with 


REFRACTORY CONCRETE 


THE ADAPTABLE REFRACTORY MATERIAL 


FOR 


HEAT-RESISTANT FLOORS (emmememe 


OF ALL TYPES WHERE RADIANT HEAT OR: SPILLAGE OF 


MOLTEN METAL OR SLAG IS LIKELY TO BE ENCOUNTERED 


READY © 
FOR SERVICE 
IN 24 HOURS 


Write for information to the manufacturers of CIMENT FONDU 


LAFARGE ALUMINOUS CEMENT CO. LTD. 1: sroox street, LowoONn, W.1 Telephone MAYfair 8546 


AD W764 
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... LC.L. provides industry with anhydrous ammonia, 
a cheap source of pure nitrogen and hydrogen gases 
And to convert the ammonia into these gases efficiently 
and economically, |.C.|. offers a full range of crackers and burners. 
Transport and handling charges are low because |.C.!. anhydrous ammonia is 


conveniently transported in large-capacity cylinders and in tank wagons. 


1.C.1. Anhydrous Ammonia 








Bs 


$46 
w7e 


Full information on request: 


imperia) Chemical Industries Limited, London, S.W.1. 
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FORGE, GALVANIZING & HEAT TREATMENT 
FURNACES, DRYING OVENS, ETC. 


UP TO 20% 





FUEL SAVING. 


SMOKELESS COMBUSTION. 
NO UNCONTROLLED AIR. 


MODERN EFFICIENT DESIGN. 


SIMPLE CONTROL, 
AUTOMATIC OR MANUAL. 


COMPLETE INSTALLATIONS. 


TECHNICAL & ADVISORY SERVICES. 


DAVID ETCHELLS & SON LTD 


DIVISION 
S. STAFFORDSHIRE 


TELEPHONE: JAMESBRIDGE 2067 





FURNACE 
DARLASTON 
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Oil-fired Bolt or Pin Forge Furnace 


CLEAN ATMOSPHERE. 


IMPROVED OPERATING 
CONDITIONS. 


LOWER RUNNING COSTS. 
REDUCED MAINTENANCE. 


LESS WASTAGE, 
AND INCREASED OUTPUT. 


Oil-fired Slot Type Forge Furnaces 
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...the fastest 
metal-forming technique 


Cold impact extrusion is a fast and economical 
method of producing hollow containers and solid shapes 
in aluminium and certain other non-ferrous materials. 


Save cost and material 


Many components now used in industry and produced from 
these materials by a variety of other processes, lend themselves 
to production by impact extrusion with consequent saving in 
cost and material. This cold forming process induces added 
strength in parts by utilising the grain flow, and produces a smooth 
and flawless finish 






For mass-production 


Herlan presses are available with production rating from 35 to 95 
parts a minute. Extrusions up to 4}° diameter (aluminium) at a 
wall thickness of 0-011" and maximum length of 123” may be 

obtained from these versatile machines 


Automatic operation 


The presses are entirely automatic, and after loading, feed, 
form, strip-off and eject in rapid sequence. The horizontal 

% working stroke is smooth and the shockless operation 
%,. promotes long tool life 


HERLAN 


EXTRUSION PRESSES 


Type P3 which produces 
up to 90 parts a minute. 


Tee ee ee 


FACTORED MACHINE TOOL DIVISION + FLETCHAMSTEAD HIGHWAY COVENTRY 
Telephone > Coventry 74321 
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EXPERIENCE .... 


. gained in supplying 
Drop Forgings 
in special creep-resisting 
Alloy Steels 
and ‘Nimonic’ nickel alloys 
for gas turbines 
since the first Whittle engine, 
is at the disposal of 
Gas Turbine designers 
and manufacturers. 



















A Main Supplier 
of drop forgings 
British and European Manufacturers 
of Aircraft Turbo-Jet 
and Turbo-Prop Engines, 
we are also active in the field of 


INDUSTRIAL GAS TURBINES 


and of 


COMPOUND DIESEL- TURBINE ENGINES 


and 


FREE PISTON- TURBINE ENGINES 


~~ NIRTH-DERIMON 


| iy Ba sist tent 
\ SHEFFIELD & DARLEY DALE 


3, 
Ly 


FIRTH-DERIHON STAMPINGS LTD. + SHEFFIELD - ENGLAND 























THE 
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FERROGLAD ‘EE’ 


Suspended Roofs & Ends for 


Detence-in-Depth +  longerRoot Life 
Minimise Stresses during Heating € Cooling 


‘G.R. FERROCLAD ‘EE’ bricks are now as readily available as 
normal metal-cased bricks. They have been developed to reduce spalling 
and flaking—normally associated with basic bricks—to an absolute 
minimum. FERROCLAD 30 ‘EE’ (chrome-magnesite), FERRO- 
CLAD 70 ‘EE’ (magnesite-chrome), and FERROCLAD 100 ‘EE’ 
(magnesite) are recommended for use in vulnerable areas in basic 
open hearth and basic electric furnaces. For roofs and ends these 
bricks may be suspended. 


Further information and tt 1 technical details on request 
GENERAL REFRACTORIES LTD 


GENEFAX HOUSE - SHEFFIELD 10* GREAT BRITAIN 
Telephone : Sheffield 3113 Telegrams: Genefax, Sheffield 
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0.H. Furnaces 


TABHANGER SUSPENSION 


te Bricks supplied with 
an J ‘Lo @ special tag co- 
: to the surface of the 
top face. By the use 
of a special tool the 
tab may be bent 
out at right angles to the top 
face to form a hanger. 


|moulded with the 
brick, embedded in- 

| 

| 








FERROCLIP SUSPENSION 


ob! 


This method allows brick to be suspended from 
the end. Ferroclip hanger slot may be moulded 
into any roof or wall shape 
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roduct 
nnealing 


have you considered 


that bright annealed parts have a better 
appearance and surface than those 
finished by pickling or other methods? 
that they cost less because finishing 1s 
cheaper ? 

that they can be treated faster—on a 
rapid flow production basis—by con- 
tinuous bright annealing in an EFCO 
controlled atmosphere conveyor type 
electric furnace? 

Simple to operate; the work is loaded on 
at one end, passes automatically through 
heating and cooling chambers, and is 
removed at the discharge end 

EFCO engineers have specialised in de- 
veloping controlled atmosphere furnaces 
giving well-recognised advantages in 
accurate control, clean, cool working 


conditions, and low costs. 


Conveyor-type EFCO controlled atmosphere furnace for continuous bright 
annealing of cutlery at the works of Viners Ltd., Sheffield 





% Write for publication RS and examples of comparative outputs and costs Ahead in Heat 


ELECTRIC RESISTANCE FURNACE CO. LTD Treatment 
NETHERBY, QUEENS RD., WEYBRIDGE, SURREY. Weybridge 3816 
Associated Companies: Electric Furnace Co. Ltd., Electro-Chemical Engineering Co 
NAP 1919/R 3016 




















WILKINS & MITCHELL LTD 


DARLASTON ° SOUTH STAFFS ° ENGLAND 


Export Section: 70, Park Lane, London, W.!. | 
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‘FULLOAD: 


Heat Treatment 
Furnaces 


Maximum efficiency with minimum 
fuel consumption. The unique ex- 
haust flue arrangement in the bogie 
hearth ensures speedy heating of the 
load, constant temperature in the 
furnace and the elimination of cold 
areas in the heating zone. We supply 
furnaces for all purposes and all fuels, 
batch type or continuous. For fur- 
ther particulars ask for leaflet 47 


Photo by courtesy of 
Messrs. Lioyds (Burton) Limited 
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SALT BATHS 
and 
HOT AIR 


BATHS 


For the solution treatment of aluminium alloys 
Temperatures correct to within 3°C. Our Salt Baths 
and Air Recirculating Furnaces fulfil the most stringent 
specifications and conform to all A.I.D. requirements 
We can supply Quench Tanks and all other ancillary 
equipment. We design the Furnace to suit our 


customer's requirements 








MODERN FURNACES Bite 
and STOVES LIMITED ————— 


phone: SMEthwick 1591-2 grams: Mofustolim, B’ham 21 





BOOTH STREET, BIRMINGHAM 21. 


Builders of 




















|= 
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ABRASIVE BELT 
MACHINES 


PRODUCT OF THE Merrcafler GROUP OF COMPANIES 
HEAD OFFICE 


8. O. MORRIS LIMITED, BRITON ROAD, COVENTRY. TEL: 53333 
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‘FULLOAD' 


Heat Treatment 
Furnaces 


Maximum efficiency with minimum 
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fuel consumption. The unique ex- 
haust flue arrangement in the bogie 
hearth ensures speedy heating of the 
load, constant temperature in the 
furnace and the elimination of cold 
areas in the heating zone. We supply 
furnaces for all purposes and all fuels, 
batch type or continuous. For fur- 
ther particulars ask for leaflet 47 


Photo by courtesy of 
Messrs. Lioyds (Burton) Limited 





SALT BATHS 
and 

HOT AIR 
BATHS 


For the solution treatment of aluminium alloys 
Temperatures correct to within 3'C. Our Salt Baths 
and Air Recirculating Furnaces fulfil the most stringent 
specifications and conform to all A.I.D. requirements. 
We can supply Quench Tanks and all other ancillary 
equipment. We design the Furnace to suit our 
customer's requirements 


MODERN FURNACES ennent 
and STOVES LIMITED eam 


BOOTH STREET, BIRMINGHAM 21. phone: SMEthwick 1591-2 grams: Mofustolim, B’ham 21 
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ABRASIVE BELT 
MACHINES 


PRODUCT OF THE Merricfer GROUP OF COMPANIES 


HEAD OFFICE 


8B. 0. MORRIS LIMITED, BRITON ROAD, COVENTRY. TEL: 53333 
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Dependability 
and Quality in 
Dunelt Special 
purpose Alloy 
and Carbon 
Steels 


Black rolled, bright drawn 

or smooth ground, in heat-treated 

or unheated conditions. Free 

cutting steels, heat-resisting 

steels, die steels, shear blade steels, 

high-speed tool steels, stainless 

steels, valve steels, hollow steel 
Se. ee wee en ® 





DUNFORD & ELLIOTT 
(SHEFFIELD) LIMITED 


ATTERCLIFFE WHARF WORKS 
SHEFFIELD 9 


Telephone: 41121 (5 lines) 
Telegrams: “ Blooms, Sheffield, 9” 


Dunelt 





London Office: Linford St., S.W.8 


Birmingham Office: 25 Burlington 
Chambers, 118 New Street, 2 
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Save time 
and money 
with the NEW 


BED WAY 
INTENSIFIERS 








NO OTHER METHOD OF INDUCTION HARDENING OFFERS SO MUCH! 


@ Distortion is a maximum of only 1 thou. per foot run. 


Where grinding is carried out as a general operation, 
working time can be cut by up to 90%. 


7 
@ There is no scaling of the hardened surface. 
@ Because it allows single traverse working this new 


Delapena method makes hardening a production 
line process. 


Uses only 30% of the power required by other methods 
of induction hardening. 





Working to a hardness of 30-40 thou., hardening can 
be carried out at the rate of up to 15” per minute. 


It will pay you to find 
Re ee out more about this 
amazing new process— | 
HEATING why not write to 
Delapena NOW? 





Delapena 


DELAPENA 4 SON LIMITED 





Manutact of Induction Heating and Precision Honing Equipment 
TEWKESBURY ROAD, CHELTENHAM, GLOUCESTER, ENGLAND 








Telephone: Cheltenham 56341/6 - Telex 43354 Telegrams: Osiapena. Cnreitennam 
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DO YOU WANT TO... 


. carburise or carbonitride gear wheels? . . . vitreous-enamel cooker parts? 
. bright-anneal ferrous or non-ferrous metals? ... harden high speed steels? 
. heat billets for extrusion? ... malleablise cast iron? 

. braze components in vacuum? ... normalise metal strip? 


WHATEVER YOUR ANSWER... 


G.E.C. supply equipme y heat treatment process 


metal, plastics or other material. GE.C. equipment ranges from sma rtable 
units to complete installations of a most elaborate t 

Installations, specially designed for part ar requirements include 
atmosphere and temperature contro! and automatic handling gear 


for efficient process heating use 





FURNACES 





HIGH FREQUENCY 


INFRA-RED 


THE GENERAL ELECTRIC COMPANY LIMITED MAGNET HOUSE KINGSWAY LONDON wec2 
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This cement when mixed 

with appropriate aggregates provides 

Super-duty Castable Refractory Concrete for 

service temperature up to 1,800°C (3,300°F). Re- 

fractory Concrete free from iron Compounds and 
Silica is now possible for the first time. 





A REFRACTORY CONCRETE FOR ANY PURPOSE 





BECAUSE 


Almost the entire Refractory field can be covered by 


Refractory Concretes based on SECAR 250 or 
SEGAR 950 CIMENT FONDL 
SECAR 250 concretes have all the well known properties 
of Ciment Fondu concretes 
is a product of PLUS 
Lafarge Aluminous Cement Co. Ltd. e HIGH PURITY 


Manufacturers of 


@ HIGH REFRACTORINESS 

@ HIGH SLAG RESISTANCE 

@ YIGH COLD STRENGTH 

@ HIGH SPALLING RESISTANCE 

e@ HIGH CASTING ACCURACY 

@ HIGH RESISTANCE TO CORROSIVE ATMOSPHERES 
@ NO SPECIAL PRE-FIRING PROCEDURE 


Read Trade Mork [ee 
ALUMINOUS CEMENT 








WRITE FOR BOOKLETS ‘SECAR 250° AND ‘REFRACTORY’ CONGREVE 


she LAFARGE ALUMINOUS CEMENT CO. LTD. 75, sroox street, Lonoon, wt. TEL: mavtair o5es 
Arie 
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Photograph reproduced by courtesy of The Steel Company of Wales Ltd 


five customers or fifty million 


At some time or other everyone needs the tinplate which is 


annealed in this furnace. Few will have direct contact with INCANDESCENT 
who built the plant, but the same skill and ability which produced this, Europe’s 
first continuous tinplate cleaning and annealing line, is at their 


disposal for all heat treatment problems. 


INCANDESCENT 


THE INCANDESCENT HEAT CO. LTD., SMETHWICK, ENGLAND 


9/6A/58 
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FRICTION SCREW 


FORGING PRESS 


With push button 


Programme Control 


Producing heavy pipe flanges 12” dia. 
bore x 19” ofd., from billets, in one 
heat and three blows. 


The press is equipped with push button 
programme control to give blows of 

Ltd different strength automatically for one 
operating cycle. 


Maximum nett. energy rendered is 
n approx. 195,000 ft./lIb. 


NT 





PAUL GRANBY & CO.LTD. 


39 VICTORIA STREET-WESTMINSTER-LONDON -S WI 
Telephone: ABBEY 5336 Telegrams: POWAFORGE. SOWEST, LONDON Cables: POWAFORGE LONDON 


ND 


bA/S8 





WRP 1599 
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% 


TELEPHONE « DUDLEY 3141 






By kind permission of 
Messrs. D. F. Tayler & Co. Ltd. 


Towns Gas fired 
Water Sealed 

Muffle for clean 
annealing brass and 
copper wire coils 


a 


y 





GIBBONS BROTHERS LTD-P.O. BOX 19, DIBDALE:DUDLEY-WORCS. 
TELEGRAMS - “GIBBONS, DUDLEY” 
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Caliper type brake 

Our own design giving excellent 
performance under severest conditions. 
Top and bottom ejectors 

air operated, adjustable to suit all requirements. 
Operation of air ejectors 

can be limited to every second or third 
stroke as required. 

Calibrated table adjustment 


ensures accurate die setting. 


The Lamberton Press produces 
accurate forgings at high speed under 
rigorous production conditions, 

and requires minimum maintenance 
for safe, reliable operation. 


Write for details to 


aU) be leote Mi = areit-Var-ie Br. 





26 FITZROY SQUARE, LONDON, W.1. TELEPHONE: EUSTON 465! 
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Gil AND G.W.B. 





Two sets of initials, both of which stand for reliability 
Millions of nuts, bolts, rivets and fasteners of all types 
leave the Darlaston (Staffs.) works of Guest. Keen & 
Nettlefolds (Midlands) Limited every week. Accurately 
made from the best quality materials, heat-treatment 
plays an important part in ensuring that they conform 
to the highest specifications. 

Among the latest equipment installed by G.W.B 
Furnaces Limited are three completely continuous lines 
of Hardening and Tempering furnaces. Each line 
comprises: 30 cwts. Loading hopper—De-greaser 
Hardening furnace-—-Continuous quench extractor 
Loading hopper—De-greaser—-Tempering furnace 
Continuous quench extractor. The Tempering units 
can also be used independently as Hardening furnaces 
if required. Each furnace has an output of 5/6 cwts . : : Pana —— 
per hour, and the whole installation is served by two @.W.B. Hardening & Tempering Furnaces at Guest. Keen and Nettlefolds, Darlaston 


men only, one to supervise the general operation and 
one fork truck driver who, among his other general “If it’s a matter of how to fasten one thing to another, get in touch 
factory duties, loads the hoppers and conveys the full with GKN.” If it’s a question of electric heat-treatment or melting 


bins of heat-treated components to the Packing Dept equipment, consult G.W.B. 


Over 25 years’ experience in electric furnace design at your disposal. 


G.W.B. FURNACES LTD. 
P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS. Tel: Dudley 4284/5/6/7 & 5081/2/3/4/5 
Proprietors: Gibbons Bros. Lid., and Wild-Barfield Electric Furnaces Lid 


Gwe 217 
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CONTENTS 


This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 


Finding the better way 


Static-dynamic forging: Principles and some charac- 
teristics PROF. P. STANKOVIC 

In the Department of Machine Tools of the Faculty of Mechanical 
Engineering of the Belgrade University a new machine for static- 
dynamic forging was built. Comparative results obtained by only 
static, only dynamic, and combined static-dynamic actions are given, 
as well as results obtained by static-dynamic forging at various speeds 


Two drop-forging books 


Recrystallization of molybdenum: Comparison of be- 
haviour in wires made from cast and sintered stock 
G. L. DAVIS, B.SC., PH.D., A.R.I.C., F.1.M., and P. J. BURDON, L.I.M. 
A comparison is made between the recrystallization behaviour of 
molybdenum wires fabricated from (a) ingots of cast metal and 
(6) ingots made by the sintering of pressed powder compacts. Using 
the tensile and elongation properties combined with metallographic 
studies, it is shown that the modes o/ recrystallization differ, and the 
difference cannot be attributed to chemical compositions 
Russian iron and steel research: Exchange of visits 
with Britain 


Operations research in a metal rolling mill 

A. P. M. PURDON, M.A., F.S.S. 

A detailed description of the application of O-R methods to problems 
of a copper-rolling mill 


Heating forging billets 
Aeronautical Inspection Directorate 


A description of some of the metallurgical research being carried out 
in the Harefield laboratories 


New factory for Sandvik Swedish Steels 


High-intensity oil combustion: Applications and 
advantages . 

Various developments in the use of high-intensity combustion of light 
fuel oil are described, together with the advantages of the method in 
forging, heat treatment, and other applications 


Heat treatment of drop fo 

NADFS Spring lectures 1958, No. 4. A summary of the fourth 
of these lectures which are designed primarily for the younger members 
of the drop-forging industry 


NADFS annual banquet and ninth technical convention 
People 527 News 530 New plant 
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CRANKSHAFTS of all types 


to the finest, degree of engineering perfection 
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Finding the better way 








and Stampers a most interesting and stimulating paper was given by Mr. M. G. 

Page, who is Head of the Department of Production Engineering and Management 
at the Wolverhampton and Staffordshire College of Technology. Mr. Page called his 
paper ‘ Methods Engineering,’ and in his opening remarks said that a very good guide 
to the function and purpose of methods engineering was contained in the phrase ‘ there 
is always a better way.” Methods engineering is known also by various other titles, such as 
‘ work study,’ ‘ methods study,’ ‘ work analysis’ and so on, and includes such sub- 
divisions as time study, motion analysis, operational research and cybernetics. But it is 
important not to allow undue concentration on these branches of the subject to obscure 
one’s view of the whole—that is, an ordered and logical approach to finding a better way 
of doing anything at all, be it in the factory, in the office, or in the home. 


A. the ninth technical convention of the National Association of Drop Forgers 


How does one approach a problem as a methods engineer? The first steps are to express 
simply and concisely the desired objective and then collect data on the present state of 
affairs. These must be expressed in the language of the business itself, so that any reference 
to these data will be clearly understood by those interested. It is absolutely essential to be 
specific here; a statement of ‘ broad issues ’ or ‘ matters of policy ’ is quite out of place 
Having stated in as few words as possible ‘ where we are now and where we want to go,’ 
the next step is to consider how the job is done at present and why; in other words, 
what are the factors which have caused that particular method to be adopted ? 


It is at this point, commented Mr. Page, that the methods engineer so often comes up 
against the realization that a great many jobs in industry are done in a certain way solely 
because they have always been done that way. The methods used have not been logically 
thought out or developed; like Topsy, they have ‘just growed.’ It is not until one 
objectively and logically investigates procedures hitherto regarded as normal that one 
realizes the appalling wastage that is permitted as a matter of course. 


The function of the methods engineer is to stop this wastage, and to do so he applies 
certain specialist skills. These include the use of such specialist devices as string- 
diagrams, left- and right-hand motion charts, three-dimensional photography and others 
too numerous and complex to mention, but the principles which guide the methods 
engineer are essentially simple, and they can be summarized as follows : 


(1) Simplicity—a task should be performed with the minimum of effort; 


(2) Standardization—the avoidance of the multiplicity of tasks, components and 
functions ; 


(3) Incentive—everyone who does his best for the factory should at the same time do 
best for himself; and 


(4) Experiment—a small-scale project may be started to judge the potentialities of a 
new method. 


Intelligent application of these principles, together with the methods engineer’s own 
specialist skills, should enable him then to complete a report which should compare the 
newly-proposed method with the old and contain a reasonable prediction of the probable 
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effect of adopting it. Here again the need is for simple factual statements of the type— 
* The application of this scheme would save £45 per week, the initial cost being £20 and 
: the continuing cost £12 per week.’ Simply reporting that ‘ production will increase ’ is 
i useless. 


In its simplest form, then, this is the nature and function of methods engineering, and 
Mr. Page then went on to consider what sort of people make the best methods engineers 
and how they should be selected and trained. In general, he considered that methods 
engineering was a job for youth and that a general engineering background was needed. 
The completion of a good apprenticeship, said Mr. Page, is a reasonable basis, but the 
word ‘ good” must be stressed as there are apprenticeships and ‘ apprenticeships,’ as 
everybody knows. At the end of a good apprenticeship an apprentice should have acquired 
a Higher National Certificate or at least be well on the way to one; and a year following 
this should give him a reasonable background of engineering management principles. 
Mr. Paie indicated that in his view the new Diploma of Technology was probably the 
finest educational background for methods engineering. One essential part of training 
which cannot be overlooked, however, is the need for an adequate background of 
mathematics. Much of the detailed analysis of existing methods must be mathematical in 
nature, incorporating a large measure of statistics, and there is a lot more to statistics 
than the extraction of an average or the computing of a percentage. Statistics may have to 
face many rude comments of the ‘ lies, damned lies and statistics ’ variety, but what is 
usually at fault is the unintelligent use of statistics. 


What of the human aspects of the good methods engineer? Mr. Page stressed that, 
while technical ability is important, the capacity to get on with people was equally 
important, if not more so. A methods engineer may easily fail in his task because of lack 
of humanity, a very good example of this being demonstrated by the friction caused in 
industry shortly before the second world war when an attempt was made to introduce 
into Great Britain a well-known American method of rate fixing. The actual method was 
a perfectly good one, and with modifications to suit particular circumstances is now widely 
used. The failure lay in the manner in which it was instituted and the shocking lack of 
realization of the different attitudes of mind of the typical American and typical British 
worker. For the successful methods engineer a sense of humour and a sense of balance are 
important qualities. 


Finally, Mr. Page considered the question of the small firm which had not hitherto 
employed a methods engineering department, but which might consider introducing 
one. Is this likely to be expensive ? The answer is No. All that is necessary for a start 
is to select a topic worthy of investigation and a person capable of carrying the study 
through to completion and of determining the financial gain likely to accrue. This person 
should be given no other conflicting duties ; and if a reasonable proportion of the savings 
made by a methods engineer are devoted to defraying the cost of further such studies, 
then the methods engineering department will expand by the law of natural growth. 
Experience has shown that it does not need a genius in methods engineering to save the 
cost of his own salary inside a year even if he only brings one method study to a successful 
conclusion. 


Methods engineering, concluded Mr. Page, is not a subject laden with formulae or 
consisting of a series of mathematical dodges; essentially it is no more than a matter of 
sound common sense. 
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Static-dynamic forging 


Principles and some characteristics 


PROF. P. STANKOVIC 


In the Department of Machine Tools of the Faculty of Mechamcal Engineering 
of the Belgrade Umiversity a new machine for static-dynamic forging was built. 
Tests carried out on the machine are discussed in this contribution which was given 
at the Conference on Technology of Engineering Manufacture, arranged by the 
Institution of Mechanical Engineers, London, March, 1958. Comparative results 
obtained by only static, only dynamic, and combined static-dynamic actions are 
given, as well as results obtained by static-dynamic forging at various speeds 


THE INFLUENCE of the deformation speed of material 
in plastic deformation or in forging has been in- 
vestigated, though not yet to a sufficient degree, 
but the results obtained are nevertheless sufficient 
to answer the question of the expediency of the 
press or the hammer. Owing to the fact that 
these two basic machine types have their specific 
properties, their good and bad sides, the application 
areas of the press and the hammer can be separated 
to a certain degree. 

If forging in dies is considered separately, as a 
specially important branch of forging in large serial 
and mass production, the press with its small 
deformation speed, which justifies the name of 
static deformation, causes only insignificant interior 
friction in the material, caused by the deformation 
speed and the yield stress for pressing in a hot 
state is Ks ® @.¢y:, in which a = f(d/h) represents 
the factor which depends on the geometric relation 
of the diameter to the height of the working object, 
if the material is of cylindrical form, while >, 
stands for the strength of the material under com- 
pression. In accordance with what has been stated 
above the compression stress depends on the kind 
and state of the material, its temperature, and 
when forged in dies the material fills the side 
cavities of the die better than the upper and lower 
cavities. 

In dynamic pressing of the material with a large 
deformation speed there appears to be additional 
resistance which results from the interior friction 
in the material, and the yield stress can be written 
im the form 


Ky = K,+K, 


for static pressing and K, stands for the additional 
resistance resulting from interior material friction 
as a result of the great deformation speed. With 
the dynamic deformation resulting from a larger 
resistance and inertia of the material mass itself 
the material fills better the upper and lower cavities 
of the die, that is, in the direction of the action of 
the force filling the side cavities to a smaller degree. 

Considering at first only the tendencies of flow 
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effect of adopting it. Here again the need is for simple factual statements of the type— 
‘ The application of this scheme would save £45 per week, the initial cost being £20 and 
the continuing cost £12 per week.’ Simply reporting that ‘ production will increase ’ is 
useless. 


In its simplest form, then, this is the nature and function of methods engineering, and 
Mr. Page then went on to consider what sort of people make the best methods engineers 
and how they should be selected and trained. In general, he considered that methods 
engineering was a job for youth and that a general engineering background was needed. 
The completion of a good apprenticeship, said Mr. Page, is a reasonable basis, but the 
word ‘ good’ must be stressed as there are apprenticeships and ‘ apprenticeships,’ as 
everybody knows. At the end of a good apprenticeship an apprentice should have acquired 
a Higher National Certificate or at least be well on the way to one; and a year following 
this should give him a reasonable background of engineering management principles. 
Mr. Page indicated that in his view the new Diploma of Technology was probably the 
finest educational background for methods engineering. One essential part of training 
which cannot be overlooked, however, is the need for an adequate background of 
mathematics. Much of the detailed analysis of existing methods must be mathematical in 
nature, incorporating a large measure of statistics, and there is a lot more to statistics 
than the extraction of an average or the computing of a percentage. Statistics may have to 
face many rude comments of the ‘ lies, damned lies and statistics ’ variety, but what is 
usually at fault is the unintelligent use of statistics. 


What of the human aspects of the good methods engineer? Mr. Page stressed that, 
while technical ability is important, the capacity to get on with people was equally 
important, if not more so. A methods engineer may easily fail in his task because of lack 
of humanity, a very good example of this being demonstrated by the friction caused in 
industry shortly before the second world war when an attempt was made to introduce 
into Great Britain a well-known American method of rate fixing. The actual method was 
a perfectly good one, and with modifications to suit particular circumstances is now widely 
used. The failure lay in the manner in which it was instituted and the shocking lack of 
realization of the different attitudes of mind of the typical American and typical British 
worker. For the successful methods engineer a sense of humour and a sense of balance are 
important qualities. 


Finally, Mr. Page considered the question of the small firm which had not hitherto 
employed a methods engincering department, but which might consider introducing 
one. Is this likely to be expensive ? The answer is No. All that is necessary for a start 
is to select a topic worthy of investigation and a person capable of carrying the study 
through to completion and of determining the financial gain likely to accrue. This person 
should be given no other conflicting duties; and if a reasonable proportion of the savings 
made by a methods engineer are devoted to defraying the cost of further such studies, 
then the methods engineering department will expand by the law of natural growth. 
Experience has shown that it does not need a genius in methods engineering to save the 
cost of his own salary inside a year even if he only brings one method study to a successful 
conclusion. 


Methods engineering, concluded Mr. Page, is not a subject laden with formulae or 
consisting of a series of mathematical dodges; essentially it is no more than a matter of 
sound common sense. 
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Static-dynamic forging 


Principles and some characteristics 


PROF. P. STANKOVIC 


In the Department of Machine Tools of the Faculty of Mechanical Engineering 
of the Belgrade University a new machine for static-dynamic forging was built. 
Tests carried out on the machine are discussed in this contribution which was given 
at the Conference on Technology of Engineering Manufacture, arranged by the 


Institution of Mechanical Engineers, London, March, 1958. 


Comparative results 


obtained by only static, only dynamic, and combined static-dynamic actions are 
given, as well as results obtained by static-dynamic forging at various speeds 


THE INFLUENCE of the deformation speed of material 
in plastic deformation or in forging has been in- 
vestigated, though not yet to a sufficient degree, 
but the results obtained are nevertheless sufficient 
to answer the question of the expediency of the 
press or the hammer. Owing to the fact that 
these two basic machine types have their specific 
properties, their good and bad sides, the application 
areas of the press and the hammer can be separated 
to a certain degree. 

If forging in dies is considered separately, as a 
specially important branch of forging in large serial 
and mass production, the press with its small 
deformation speed, which justifies the name of 
static deformation, causes only insignificant interior 
friction in the material, caused by the deformation 
speed and the yield stress for pressing in a hot 
state is Kg © @.0y-, in which a = f(d/h) represents 
the factor which depends on the geometric relation 
of the diameter to the height of the working object, 
if the material is of cylindrical form, while o, 
stands for the strength of the material under com- 
pression. In accordance with what has been stated 
above the compression stress depends on the kind 
and state of the material, its temperature, and 
when forged in dies the material fills the side 
cavities of the die better than the upper and lower 
cavities. 

In dynamic pressing of the material with a large 
deformation speed there appears to be additional 
resistance which results from the interior friction 
in the material, and the yield stress can be written 
in the form 


K, = K,+ K, 


in which Ky stands for the yield stress as well as 


for static pressing and K, stands for the additional 
resistance resulting from interior material friction 
as a result of the great deformation speed. With 
the dynamic deformation resulting from a larger 
resistance and inertia of the material mass itself 
the material fills better the upper and lower cavities 
of the die, that is, in the direction of the action of 
the force filling the side cavities to a smaller degree. 

Considering at first only the tendencies of flow 
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1 Diagram of machine for testing static-~dynamic forging 
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of the material both in static and dynamic pressing, 
the idea of combining these two actions emerges, 
in which case the material would be exposed to 
static and dynamic action at the same time, with 
the aim of achieving a good flow of material both 
in the side and vertical directions, which is of 
special importance in forging in dies of more com- 
plicated forms, in which otherwise difficulties would 
occur in filling completely the cavities of the dies. 


Deformation work in hot pressing by static 
action is given by 
rhs dh 
W,=V.Ky) > 
a, A 


in which V stands for the deformed volume or, if 
the expression for the displaced volume 


A dh 
he ” 
is introduced, then 


W,. = K,,. V; 


in which Ky stands for the yield stress in static 


2 Experimental machine for measuring total static-dynamic 
force 
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pressing while A, and A, represent the initial and 
final height of the material during pressing. 


_ In dynamic pressing at one stroke the deforma- 
tion work is 


hi dh 
V.Ky) > = Ky.V, = (Ky K).V, 


W 
d Ine 


K, ) 
= Wal 1+) 
in which Kg stands for the yield stress in dynamic 
pressing. For dynamic pressing with m strokes, 
there will be 


na 

“*y K. 
Wan, = » (Kg. Vj) = 2. Kay Vir = w(14+52) 

a K,,, 

s 
in which K,,, stands for the average value of the 
yield stress for every stroke and V; stands for the 
displaced volume corresponding to one stroke. 


In combined action, static-dynamic pressing, if x 
denotes the participation of the total static work W,, 
necessary for the deformation by only static method, 


3 Detail of upper part of experimental machine showing 
drive of hammer 
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4 Force plotted against stride (static pressing) 
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6 Force plotted against stride (static- 
dynamic pressing) 


the remainder of |1—x participation should be 
substituted by dynamic work. As, however, dy- 
namic work is not equivalent to static work because 
of additional resistance, a correction coefficient 4, 
has to be introduced which is larger than one and 
which takes into account the relation of the dynamic 
towards the static work for the same deformed 
volume. On the other hand, the dynamic action 
on material which is already under static action, 
namely, which is already in a state of flow, is 
expressed differently than in the case when the 
dynamic action is applied to inert material. While 
in accordance with the above, in combined action 
additional resistance appears as a result of interior 
friction, on the other hand the friction resistance 
decreases, and the scope of obstructed expansion 


————_—____— 


metal treatment 
and Drep Ferging 


491 









roncee, F 





COPE EEE LEME EMEA e 


5 Force plotted against stride (dynamic pressing with several 


strokes) 





7 Form of the die 
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will be smaller. This other influence can be taken 


into consideration by another correction coeffi- 
cient , which is smaller than one. If ’,.2,. denote +, 
for combined action, then 


The machine specially constructed for testing 
static-dynamic forging represents a combination 
of hydraulic press and mechanical hammer (fig. 1), 
in which the piston pump forces the oil into the 
accumulator which, balancing the work of the 
pump, acts also as an air cushion which has to 
prevent decrease in pressure of the liquid in the 
hydraulic press at the moment when the hammer 
strikes the bottom of the piston, as a result of the 
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acceleration of the piston mass at that moment. 

The process during the work of the hammer 
represents an impact of three masses, m,, m,, and m,, 
where m, stands for the tup mass, m, for the press- 
ing mass, that is, the piston of the press, while m, 
stands for the anvil mass together with the material. 
This experimental machine is furnished with a 
gearbox for the continuous change of speed of the 
machine shaft, with a changeable eccentric for the 
drive of the pump, which makes it possible to 
regulate the stride of the pump and the hammer 
independently one from another. For measuring 
the pressure an anvil with hydraulic piston has 
been constructed in such a way that besides the 
pressure in the accumulator, that is, the working 
cylinder of the press which gives the static force of 
pressure, the total force resulting from the static 
and the dynamic action can be measured. In 
fig. 2 this machine is given and in fig. 3 is a detail 
of the upper part of the machine with the drive 
elements of the hammer. If the force plotted 
against stride in static pressing has the form shown 
in fig. 4, in dynamic pressing with one stroke the 
form of the diagram will be similar to the first one, 
only with increased values of force. In dynamic 
pressing, with several strokes, the diagram will be 
according to fig. 5, in which certain small surfaces, 
which correspond to the single strokes will be 
approximately the same, with an ever-decreasing 
stride and an ever-increasing force. In the static- 
dynamic action as a result of adding both loads, 
the force-stride diagram would appear as in 
fig. 6. 

In connection with static-dynamic forging the 
following problems may be noted: (1) the question 
of the material flow, which has special significance 
in forging in dies; (2) the deformation resistance, 
especially yield stress, becomes an important factor 
with regard to the load of the tools and the machine; 
(3) analysis of the consequences of this kind of 
forging on the structure of the material is not less 
important than previous problems considering dis- 
tribution of stress in the working objects, by which 
a more favourable deformation of crystals can be 
anticipated and in connection with decreased in- 
terior stresses; (4) simultaneously with some of the 
above factors, time appears also as an important 
factor, on which depends not only the productivity 
of the machine but also its load as a consequence 
of the: increase of the yield stress, due to cooling 
as well. In connection with this last problem 
favourable values of the working time in relation 
to the deformation work can already be remarked. 

Of the factors mentioned so far certain more 
important cases of flow of the material dependent 
on the deformation speed have been examined, 
while the examination of other problems is still 
under examination. Tests were carried out with 
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lead specimens of diameter 30 mm. and height 
35 mm. in dies as shown in fig. 7. 

The first tests were carried out by separate static 
and dynamic actions, and by combined static- 
dynamic action. The time of action was in all 
three cases 12 sec. In dynamic as well as in static- 
dynamic action the number of revolutions of the 
crankshaft which served for driving both the pump 
and the eccentric of the mechanical hammer, was 
320 rev./min., while in static pressing the number 
of revolutions reached up to 365 rev./min. The 
results obtained under otherwise the same con- 
ditions for all these methods are shown in fig. 8: in 
static pressing the deformation is the least; besides 
a certain deformation in the direction of the force 
action, side expansion occurred, in which the rela- 
tion of the d (width) of the obstructed expansion 
zone to the corresponding height of the excess of 
flash A in a horizontal direction at the last degree 
isd/h=0-1. In dynamic action the deformation or 
the filling of the die in the direction of the force 
action is more strongly expressed with further side 
expansion, which in expansion width surpasses the 
static action with the relation d/h = 0-4 which is 
considerably larger than the static. In static- 
dynamic action the deformation in the direction of 
the force action is more strongly expressed than in 
the former case, with the relation d/h = 8-3 which 
surpasses the former two cases considerably. 

Since in normal, static, or dynamic deformation 
with an increase of relation d/h there increases that 
part of the yield stress and work which corresponds 
to the friction between the touching surfaces of the 
tools and the material, and in the obstructed ex- 
pansion zone; in this case with the same power 
consumption of the engine, there appears in static- 
dynamic action a significant deformation, that is, a 
considerably greater d/h relation which suggests a 
decrease of friction coefficient between the material 
and the tools. This may be explained by the fact 
that in static-dynamic deformation the material is 
already in a state of movement at the moment of 
the stroke of the tup, thus in comparison with the 
dynamic action a gliding friction appears instead of 
a static friction. Compared with static action, 
where the material is already in motion, the speed 
of the movement of the material in the obstructed 
expansion zone in static-dynamic action is also 
important. 

Tests made in static-dynamic action at various 
deformation speeds, effected by various number of 
revolutions of the crankshaft, show a similar ten- 
dency as in former tests. At lower speeds the 
action corresponds in character rather to a static 
action, while at greater speeds the flow appears in 
an ever-increasing degree, both in the side and in 
the vertical directions. 

continued on page 494 
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Iwo drop-forging books 


75 Years—A Record of Progress 
By Augustus Muir. Published by Smith’s Stamp- 
ing Works (Coventry) Ltd. Price 21s. 


* ... If Arnold Bennett had written about the Black , 


Country instead of the Potteries he could have 
taken Thomas Smith from life and, with a touch 
here and there, have made him into an unforget- 
table character... .’ So writes Mr. Muir in his 

ing chapter and in doing so sets the scene 
very aptly for the rest of his book. 

This is the story of the ups and downs of a firm 
which began in its earliest form in the ’eighties, 
making among other things parts of horse harness. 
The same firm rose on the great boom and vogue 
for the bicycle, followed this with parts for motor 
cars and then for aeroplanes, and is now, little 
more than half a century later, making parts for 
guided missiles. 

Mr. Muir writes easily and racily but gets his 
technicalities right. The book is in every way 
worthy of the firm who have commissioned and 
published it, a firm which in their works at Coventry 
and Lincoln (Smith-Clayton Forge) cover prac- 
tically the whole drop-forging field, from the largest 
to the smallest item. 


Gesenkschmieden von Stahl (Drop Forging of 
Steel) 

By Dr.-Ing. Kurt Lange. With an Introduction 
by Prof. O. Kienzle. 379 pp. 9} in. x 6 in., with 
numerous diagrams and photographs. Published 
by Springer-Verlag, Berlin-Wilmersdorf, Heidel- 
berger Platz 3. 1958. Price DM.54 (approx. 
£4 15s.). 

THIs BOOK, which comes mainly from the drop- 
forging section of the Technische Hochschule at 
Hanover, is intended to be both a textbook for a 
student and a handbook for the working drop 
forger and the engineer. It is divided in six main 
sections. 

The first section considers the fundamental 
principles of the forming of steel and of the materials 
which are at the disposal of the drop forger. Two 
extensive tables show in detail the analyses and uses 
of various types of steel and the forgeability at 
various temperatures. In the second section the 
deformation of the metal under the forging opera- 
tion is considered, the different processes (forging, 
upsetting, etc.) being described and the importance 
of intermediate forging being stressed. 

The third section of the book is devoted to the 
description of drop-forging plant, hammers, presses, 
upsetters, shears, etc., then goes on to consider 
the making of the die and the methods of heating 


the stock. A concluding chapter discusses the 
important question of scale formation and scale 
removal. 

The fourth section is perhaps one of the most 
important parts of the whole book; it discusses the 
question of how the shape of the drop forging must 
suit the forger, the material being forged and the 
final user of the forging. Matching these three 
requirements will always call for the greatest skill 
in the drop forger’s ‘art.’ In the fifth section 
accuracy and tolerances are discussed, and the 
final section is devoted to problems of forge layout, 
throughput, costing, etc. The book concludes with 
a most comprehensive list of references to pub- 
lished wo-k. 

The illustrations are very numerous and are all 
of an extremely high standard and beautifully clear. 
It is to be expected that this work will have a wide 
sale throughout the drop-forging and engineering 
industry of Germany. Its eventual translation 
and publication in English should be well worth 
consideration. 


Static-dynamic forging 
concluded from page 493 


Fig. 9 shows the flow of the material at various 
deformation speeds, various numbers of revolutions 
of the shaft, the deformation time being the same 
in all cases, 12 sec. 


Conclusion 


The method of static-dynamic deformation of 
the material presents a new forging principle which 
offers considerable advantages in relation to indi- 
vidual actions. As is shown by tests made so far, 
a remarkable difference exists regarding the flow of 
material and the deformation degree at the static, 
the dynamic, and the static-dynamic actions, 
namely, in favour of the last, where good flow of 
the material was achieved both in the direction of 
the force action and in the perpendicular which is 
a great advantage when forging in dies. Further 
tests will give evidence of the other above-mentioned 
work factors for which useful improvements may 
also be reasonably expected. 
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Recrystallization of molybdenum 


Comparison of behaviour in wires made from cast and sintered stock 


G. L. DAVIS, B.Sc., Ph.D., A.R.LC., F.1.M. 
P. J. BURDON, L.1LM. 


A comparison is made between the recrystallization behaviour of molybdenwn 
wires fabricated from (a) ingots of cast metal and (b) ingots made by the sintering 


of pressed powder compacts. 


Using the tensile and elongation properties combined 


with metallographic studies, it ts shown that the modes of recrystallization differ, 
and the difference cannot be attributed to chemical compositions. Cast molybdenum 
recrystallizes and is subject to grain growth in a normal and continuous manner, 
while powder-metallurgy metal exhibits inhibited and discontinuous grain growth. 
As a consequence, the strength and ductility of the two materials at room and 
elevated temperatures after similar heat treatments differ significantly, and, 
depending on the application, either may have real advantages over the other. 
The authors are both with Mullard Radio Valve Co. Lid. 


ESSENTIALLY PURE MOLYBDENUM is used in rela- 
tively small quantities in applications which are 
nevertheless economically important in the elec- 
tronic industries. For these purposes it is fabri- 
cated into three forms—sheet or strip, rod and 
wire—and, to some extent, different physical 
properties are of importance for each form. Rolled 
material is largely used for constructional pur- 
poses, which call for adequate ductility to permit 
extensive forming operations. Rod and coarse 
wires are used in the same way, but also for glass- 
metal seals and for furnace heating elements; for 
these latter applications the mechanical properties 
are rarely critical. 

The smaller diameter wires, however, are used 
for supports, springs, grids, etc., and the condi- 
tions of fabrication and conditions of use of these 
components often call for high strengths and 
extensions, so that acceptance tests are based upon 
rigid specifications for these properties. Since 
fully recrystallized molybdenum wires are mechani- 
cally weak and, indeed, often brittle and since the 
forming processes frequently involve heating t6 
elevated temperatures, a good resistance to re- 
crystallization is a further requirement. 

For many years, molybdenum has been made 
by the processes of powder metallurgy: metal 
powder made by reduction of the oxide is compacted 
and the bars are sintered at temperatures near the 


melting point. Within the last decade, however, 
the technology has been developed—especially in 
America—of arc-melting and casting ingots by the 
vacuum (or inert gas) process.'“* This technique 
has led to the possibility of producing ingots, 
several hundreds of pounds in weight, which are 
suitable for massive products hitherto imprac- 
ticable, and which have the further advantage of 
being more amenable to the common rolling 
methods. In this way, the relatively expensive 
method of working by sintering and swaging may 
be avoided. 

It is difficult, at this stage of the art, to make 
accurate comparison of the two working methods 
on an economic basis, but it seems likely that cast 
molybdenum will eventually compete with powder- 
metallurgy-produced material even for wire pro- 
duction. Some assessment of the comparative 
properties of metal made by the two processes 
therefore becomes advisable. 

The properties of sheet and rod have been 
studied by various workers’ * and, in some cases’~™ 
a direct comparison has been made between the 
products made by the two methods. In the case of 
fine wire, however, no such comparison has been 
reported, and there are good grounds for expecting 
significant differences. This is especially true for 
the manner and ease of recrystallization for, apart 
from any differences directly dependent upon 
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chemical composition, the processes of powder 
metallurgy can themselves confer valuable re- 
crystallization characteristics with heavily worked 
materials which may be absent in products fabri- 
cated from cast stock.'’ 

For these reasons, a comparison is of interest 
from a theoretical as well as from a practical or 
economic viewpoint. 


Investigation 

Materials Rods of arc-cast molybdenum (C.M. 
were received at 3 mm. diameter, and were cleaned 
by chemical attack to remove the surface layers 
before proceeding with the working. These rods 
were then processed side by side with powder 
metallurgy (P.M.) rods as follows: 

Hot drawn without interstage annealing to 320u. 
Cleaned and annealed at 320. to reduce the 
tensile strength to approx. 100 kg./mm?’. 

Cold drawn to 185z. 

Annealed as at 320u. 

Chemical analysis gave the following percentage 
compositions : 








c*, Si Ni Mg Mn Fe Cr Al Ca 
CM 0-03) 0 -003|}0-002'0-003\0-0001'0-01 0-001 0-002'0-012 
P.M 0-03'0-005'0-021'0-003'0-0001 0-04 0-001 0-002 0-015 





*Wet analysis, remainder spectrographic 


The elements listed are those which were in 
highest concentrations as indicated on the spec- 
trographic plate. Others were not detected or were 
below the limits of estimation. 

Testing procedure The progress of recrystalliza- 
tion was followed by measuring the ultimate tensile 
strength and percentage elongation at room tem- 
perature after annealing at the chosen tempera- 
tures for 10 min. The wires were sectioned longi- 
tudinally after heat treatment and the microstruc- 
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tures were examined. Ultimate strengths and 
elongation were also measured over a range of 
temperatures on suitably annealed samples in order 
to study the effect on the high-temperature pro- 
perties of the heat treatments. 

All heat treatments and hot-testing experiments 
were carried out in a protective atmosphere of 
90/10 nitrogen/hydrogen mixture, which had 
been freed from oxygen and moisture by passage 
over palladized asbestos at 400°C. followed by a 
drying train with phosphorus pentoxide as final 
desiccant. For the annealing treatments, heating 
was effected by direct passage of current through 
the specimen, its temperature being measured by 
means of an optical pyrometer making corrections 
for emissivity for converting brightness to true 
temperatures. The hot tensile tests were carried 
out in a small tubular furnace with a thermocouple 
lying close to the specimen. 

In order to avoid fracture at the clamps of the 
tensile machine, which is ctherwise troublesome on 
wire specimens, only the central region of a length 
was heated so that the unsoftened ends could be 
held in the clamps. This practice inevitably leads 
to some uncertainty in elongation measurements, 
but, in most cases, the error was small and an 
approximate correction could be made; however, 
although the values quoted thus cannot be claimed 
to be absolutely correct, the effects will be seen to be 
too marked to be obscured by these errors. There 
is a further disadvantage of this method of clamping 
which is to be borne in mind for hot tensile testing. 
Should there be a maximum in the temperature- 
strength curve—as has, indeed, been observed for 
molybdenum*—it will not be shown; but, again the 
effect is small and worth sacrificing for the more 
consistent results obtained by the present method, 
which is especially valuable on wires annealed at 
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Annealed 1,350°C. for 10 min. 600 
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high temperatures and having low ductility. 

Samples of wire were examined by X-ray 
diffraction for degree and type of preferred orienta- 
tion in the as-worked material and after annealing 
treatments. 


Results 

Recrystallization Although tests were made 
at 320u, 185u and 10m dia., it is convenient to 
confine interest to the finest wire only, since the 
same effects were seen at the larger diameters but 
to a lesser degree. In fig. 1 are plotted the two 
curves referring to the ultimate strength-annealing 
temperature relationship for C.M. and P.M. wires 
at 100. dia. 

‘The changes in strengths of the two materials on 
annealing can be directly related to their micro- 


11° Asin 8. Annealed 1,450 C. for 10 min 600 


structures after the first loss of strength associated 
with recovery effects had been completed. Between 
1,000 and 1,100°C. the C.M. wire had extensively 
recrystallized (figs. 2 and 3), by 1,250°C. (fig. 4 
this process was complete and general grain growth 
had commenced, proceeding in a continuous 
manner (figs. 5 to 7), as the annealing temperature 
was raised. In the P.M. wires, recrystallization and 
grain growth were inhibited until recrystallization 
set in at ca. 1,350°C., followed by exaggerated 
grain growth (figs. 8 to 11) leading to crystals in 
some cases extending across the wire diameter 
and several diameters long. 

The deformation texture was retained after 
annealing at all temperatures tested, all wires 
exhibiting a similar degree of preferred orientation 
with the [110] parallel to the wire axis. This is in 
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conformity with Fujiwara’s findings'® although 
Swalin'® has reported a new texture after heating 
at high temperatures. 

Hot-strength and elongation Elongation and 
tensile strength measurements were made on wires 
after primary recrystallization was complete (after 
annealing at 1,300°C.) and after extensive grain 
growth had taken place (after heating to 2,000°C.). 
The results are plotted in figs. 12 to 15; it should be 
noted that, in some cases, the elongation values were 
too scattered to justify a curve through them. The 
mode of fracture of the wires presented some 
features of interest: below the temperature for 
maximum elongation, fractures were predomi- 
nantly, but not entirely, of a brittle type, while, 
above this maximum, failure was always by local 
necking, with a large reduction of area illustrating 
a state of ductility not, perhaps, expected from the 
rather low extensions. It is worthy of note that on 
the wires heated at 2,000°C., fractures at low tem- 


200 300 400 $00 600 
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peratures depended upon the material: C.M. 
exhibiting brittle fracture, while for P.M. the 
fractures were of a ductile type showing the wedge 
formation (see fig. 16) reported by Smithells*® for 
tungsten single crystals. At high temperatures, all 
the fractures were of this ductile type. 


Discussion of results 

It is apparent that the two materials recrystallize 
in different manners, and some explanation 1s called 
for. While P.M. molybdenum quite clearly follows 
a discontinuous two-stage softening, the C.M. 
wires soften in a single-stage manner. Associated 
with these changes in mechanical properties, the 
microstructures show that grain growth is con- 
tinuous and rather gradual with C.M. material so 
that even after heating at the highest temperatures, 
the grains are approximately equiaxed with average 
diameters near 50. In contrast, P.M. wires are 
subject to abrupt coarsening from a fine grain size 
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to very large grains elongated in the direction of impurities—most probably the oxides. However, 


the wire axis. 

The small difference in composition would 
hardly seem to account for these differences; the 
somewhat higher nickel and iron contents in P.M. 
material still lie well within the solubility region, 
and these metals have been reported® to have little 
influence on recrystallization behaviour. 

Inhibition of recrystallization and grain growth 
can be due to textural effects or to mechanical 
obstruction by small insoluble particles. Since the 
two molybdenum samples show similar type and 
degree of preferred orientation, their different 
behaviour must presumably then be due to the 
presence, or differing distribution of, insoluble 
inclusions. In view of the small concentration of the 
impurities which must lie (if they were present as 
elements) for the most part within the solubility 
limits, it is likely that any inclusions will be in the 
nature of refractory compounds of some of the 


the method of manufacture of the P.M. material 
precludes the retention of oxides other than the 
refractory ones and, of the elements present, it 
would seem safe to state that aluminium, calcium, 
magnesium and possibly silicon must be present 
as oxides in which form they will not be volatilized 
out from the molybdenum during the process of 
ingot manufacture at temperatures exceeding 
ca. 2,200°C. 

While these oxides would also be retained in the 
C.M. material, there is the further possibility of 
retention of those oxides which are stable towards 
heat, but not necessarily stable in the presence of 
reducing atmospheres. However, the presence of 
carbon in the molybdenum would suggest that 
these oxides would have been decomposed during 
the processing, while the metal was in the liquid 
state. 

During the earlier working processes—while the 
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P.M. is porous—re-oxidation of some elements, 
whose oxides are reducible at the sintering tem- 
peratures, will occur. In C.M. this will be confined 
to the surface layers and thus such elements may 
be held in solid solution. Fig. 7 perhaps offers some 
evidence of compositional heterogeneity between 
grain boundary regions and the centres ef grains 
which cannot be observed in the P.M. micro- 
structures 


It has been suggested that oxides of molybdenum 
are influential in the behaviour of the metal and 
that improved properties can be imparted by the 
reduction of these oxides with carbon. On the 
other hand, Kearns™ refers to the removal of the 
carbon by oxygen as having similar improving 
effect. Nevertheless, the improvement by vacuum 
heating wires* would indicate that decomposition 
of oxides of molybdenum (and some other less 
stable oxides) does act by the removal of discrete 
particles. However, these improvements refer to 
the temperature of the brittle-ductile transition 
rather than to the influence on recrystallization 
behaviour and serve only to confirm the existence of 
insoluble particles. 


The inhibition of grain growth in the P.M. wires 
must therefore derive from the presence of effec- 
tively dispersed fine particles of oxides, while in 
the cast metal, although there may be a similar 
content of such oxides, they must be present in an 
unfavourable state of particle size or dispersion. In 
fact, in the microstructure of C.M. wires, small 
discrete particles could be detected, although they 
are not readily distinguished in the photo- 
micrographs. 

It has been suggested’’ that powder metallurgy 
introduces fine pores which can themselves act as 





16 1002 C.M. molybdenum annealed 2,000°C. for 10 min. 
Surface of wedge fracture 850 
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obstructions, but from work on tungsten wires 
variously doped,” it appears that inhibition is only 
obtained in the presence of a suitable concentration 
of very fine particles of solid materials. 

It is of interest to note that Pipitz and Kieffer,” 
in their paper on vacuum sintered molybdenum 
and its alloys, also observed a two-stage softening 
process of annealed wires as measured by tensile 
strengths. They explain the first fall as one due to 
‘grain boundary diffusion’ before recrystalliza- 
tion—which is responsible for the second fall— 
sets in; unfortunately, no reference to the micro- 
structures developed is made, and it is therefore 
difficult to compare their results with the present 
work. 

The strength and the ductility of the wires after 
annealing were relatable to the microstructure 
developed, and it is evident from the results that, 
for wires to be heated up to ca. 1,300°C., the P.M, 
wires would be preferred, having the greater 
strength. Should the wires be heated above this 
temperature, however, the finer grain size of the 
C.M. material afforded a somewhat improved 
tensile strength at moderate temperatures; above 
ca. 1,800°C. there is little to choose between the two. 
If forming properties are more important than 
strength, proper choice would depend upon the 
nature of deformation applied. For simple bending 
and small extensions, either material should be 
adequately ductile, but if high extensions are 
required at low temperatures, P.M. would be pre- 
ferred on fully softened material. 

The rather opposing values of reduction of area 
and elongation indicate that, as measures of ductility, 
they are not equivalent, as is sometimes assumed. 
Millner® has also reported similar results over 
certain ranges of temperature for molybdenum and 
also for tungsten. 


Conclusions 


Fine molybdenum wires drawn from stock made 
by powder-metallurgy techniques have, in general, 
superior properties over those made from cast 
metal. Resistance to softening by recrystallization 
is greater and annealing treatments leave the 
powder-metallurgy wires the more ductile and 
capable of withstanding deformation. 
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Russian iron and steel research 


Exchange visits with Britain 


A SMALL group of Russian scientists, led by Aca- 
demician Bardin, vice-president of the Soviet 
Academy of Sciences, are expected to visit this 
country early this month to study iron and steel 
research in Great Britain. The tour will last for 
some 10 to 14 days, and will include visits to 
British Iron and Steel Research Association’s 
laboratories in London, Sheffield, Swansea, and 


possibly Normanby, together with a number of 


works visits. The arrangements are being made 
by BISRA in conjunction with the Iron and Steel 
Institute. 

Steps towards closer and more detailed co- 
operation between Russia and Great Britain were 
taken when a British team visited the U.S.S.R. 
recently to study Soviet research on steel technology 
and related subjects. This visit arose out of earlier 
and broader exchanges between iron and steel dele- 
gations: after the visits by representatives of the 
British Iron and Steel Federation in 1955 and 1956 
and the return visit by Russian experts in 1956 it 
was felt that exchanges between more specialized 
groups would be valuable. 

The chief object of the recent visit of the British 
team to the U.S.S.R. was to study the organization 
of iron and steel research in the Soviet Union. 

The team, which went at the invitation of 
Academician Bardin, was led by Sir Charles 
Goodeve, director of B15 R A. He was accompanied 
by Mr. W. C. F. Hessenberg, deputy director of 
BISRA, Mr. Anthony Post, assistant secretarv of the 
Iron and Steel Institute, Dr K_ Irvine of the 
United Steel Companies Ltd , and Dr. S. Kleman- 
taski of the Ironmaking Division of BIS R A. 

The team spent eight days in the U.S.S.R. and 
were treated with the utmost friendliness by their 
hosts, who gave them all possible assistance. In 
Moscow they visited TSNIICHERMET, which is the 
Central Research Institute of Ferrous Metallurgy, 
and the Baikov Institute, which is the Metallurgical 
Institute of the Soviet Academy of Sciences, and 
other research organizations. Outside Moscow they 
visited the experimental factory at Novo Tulsky, 
about 100 miles from the capital. 

The visit showed that iron and steel research in 
the U.S.S.R. is being carried out on a very extensive 
scale and is roughly comparable in standard with 
similar research being carried out elsewhere. The 
outstanding feature is the speed with which results 


are applied. This is especially true of continuous 
casting, in which the Russians are certainly ahead 
of most other countries. Their research is going 
ahead rapidly, and in addition to the five plants 
already operating commercially two new plants are 
in an advanced stage of construction. One of 
these is being installed in a new works which will 
have no primary rolling mills. 


Vacuum de-gassing 

A great deal of work is also being done in Russia 
on vacuum treatment of steels to remove dissolved 
gases. In one simple but apparently effective 
process that has been developed a 50-ton ladle of 
steel is de-gassed in 10 or 15 minutes by two-stage 
pumping; the power required is about 250 kW. 
his process is being used for steels for transformers 
and aircraft. 

Continuous casting and vacuum treatment are 
undoubtedly the highlights of current Russian 
research, but the team saw highly interesting work 
being carried out on such subjects as ultrasonic 
grain-refining of castings, electrostatic lacquering 
of blackplate and electron-probe analysis. 
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in a metal rolling mill 
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This article is the second article on operational research submitted as a result of 
an editorial comment in our issue of November, 1957. In the first article, METAL 
TREATMENT September and October, 1958, Mr Duckworth discussed the general 
application of this type of work. In the present article, Mr Purdon describes in 
detail the application of O-R methods to problems of a copper-rolling mill 


WHEN OPERATIONS RESEARCH is undertaken for a 
company actively engaged in competitive enter- 
prise it is often difficult to obtain a security clearance 
for publication of details, either of the work done 
or of the particular results achieved. Occasionally 
it may happen that the investigation requires the 
application of mathematical or other special tech- 
niques, whose theoretical background is quite 
independent of the particular problem to which it 
is applied. There is no objection to the publication 
of such theoretical work, and in most cases dis- 
guised figures can be added. Thus it comes about 
that the great bulk of published work on O-R 
appears to be academic and far removed from the 
shop-floor problem of the average company. 
Some comment to this effect appeared in the 
November, 1957 issue of METAL TREATMENT, and 
this article is an attempt to redress the balance by 
describing an actual O-R investigation, outlining 
the scope and nature of the work, and putting the 
use of special techniques in better perspective. 

The mill concerned produces strip, sheet and 
circles of copper and copper-alloy. The general 
purpose of the inquiry was to see how profitability 
might be improved either by further capital invest- 
ment to give better use of plant already installed, 
or by modifying the plant and its mode of operation 
to maintain current throughput with fewer machines 
thus freeing both fixed capital and working capital 
in the form of material in process), or by some 
combination of these two possibilities. All figures 
of plant performance and capacity, etc, quoted in 
this paper differ from those of the actual mill, but 
they are representative of the sort of measurement 
made and conclusions reached. 

The investigation fell naturally into four parts. 
First, the preliminary period, during which the 
team was assembled and administrative details 


arranged; second, a period of some six months 
spent on collection and analysis of the necessary 
data; third, construction of a numerical model 
representing the operations of the mill, calculation 
of balance of plant for different levels and patterns 
of production, and preparation of cost figures; 
and, fourth, the presentation and discussion of 
results and suggestions. The total time for an 
investigation on the scale described here would be 
about nine months for a team of six working full 
time. The work undertaken in each part is now 
described in more detail. 


Preliminary period of investigation 

In many ways the preliminary period is the most 
important. O-R work generally depends for its 
ultimate success on three things determined at the 
outset: the right remit, human relations, and a 
balanced team. Investigations are often started 
because some problem has arisen on which higher 
management will have to take a decision and the 
proper data are not available; another reason 
might be that results have not been coming up to 
expectations and it is not obvious why—there may 
be some doubt whether the apparent reasons are 
the real ones. The purpose of operations research 
is to measure the behaviour of the system under 
different conditions of operation (including possible 
modifications of the plant or the practice), to 
pre-determine the likely effects of any changes that 
might be made, and to present the management 
with the right data in the right form to assist them 
in deciding what action to take. The terms of 
reference must be wide enough to give the team 
scope for this, and to allow access to all necessary 
information. 

The problems of human relations arise at three 
levels. First, establishing proper contact with all 
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departments likely to be consulted; second, the 
more personal approach to the manager and staff 
of the works, factory, or department where the 
investigation is to be carried out; third, the infor- 
mation given to shop-floor labour and trade 
unions to secure their co-operation. It is impera- 
tive that the manager and his staif all appreciate 
that no criticism of past decisions will be made on 
the strength of any new information revealed in 
the course of the investigation—rather is the purpose 
to present them with this information, not hitherto 
available, and so make it easier to take the best 
decisions in the future. At the same time, if it 
maintains close contact with management, a suitable 
team can do the bulk of the work on its own, yet 
still have the benefit of a manager’s experience 
without interrupting his ordinary routine or in- 
creasing his personal work load. It is also necessary 
for the manager to explain to his shop-floor workers 
what the investigation entails and that any of them 
may be approached by team members for infor- 
mation on the parts of the plant or process that 
they operate; but he should also make it clear 
that such an investigation is not primarily con- 
cerned with labour at all in the way that, perhaps, 
Work Study might be thought to be. 

In the investigation described, these problems 
caused little or no difficulty (co-operation on the 
shop floor was particularly good) and after some 
two to three weeks the team was in residence in 
mobile offices adjacent to the mill. The leader 
was a mathematical physicist who had never seen 
a metal-rolling mill in his life; the rest of the team, 
as planned, comprised a production officer, engineer, 
cost accountant, and work study officer, together 
with secretary and computist. These were all 
seconded full-tin.e to the investigation. Normally 
they would have remained throughout, but for 
administrative reasons this was not possible and 
the production officer, engineer, and computist 
were only available for part of the investigation 
though full-time while they were there). One of 
the lessons learnt was that if a team is depleted 
too much then the total man-years and overall cost 
will certainly be increased. 


Collection of data 

The second part of the investigation was con- 
cerned mainly with the collection of data. It was 
begun by a consideration of what information would 
be required and in what detail. This was based 
on the probable form that the final report was 
expected to take. It would begin with a factual 
part answering such questions as ‘ What is the mill 
doing ?,’ ‘ Why is it doing it ?,’ ‘ How well is it 
doing it ?’ This would be followed by an analysis 
of possible answers to questions such as * How 
much better could it do it ?,” ‘ What else might it 
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do besides (or instead) ?’ The summary and 
conclusion were expected to contain a résumé of 
the balance of plant for different patterns and 
levels of output, together with proposals and 
information on possible capital expenditure and 
running costs. To follow this plan it was clear 
that information of the following type had to be 
obtained: 

(1) The capacity of each piece of plant (a) in 
current operation, (6) at standard rates based on 
work measurement, for a given shift system and 
(c) allowing for modifications to the machinery or 
practices. 

(2) Possibility or effect of changing (a) the end- 
products (i.e. pattern of production), (6) materials 
used, (c) some of the plant itself and (d) the program- 
ming of process stages. 

3) The capital employed 
capital in process stocks 
each process stage. 

It is not necessary to specify the detailed data 
that was collected for this—suffice to say that in 
time taken this was the major part of the investi- 
gation and occupied the team for six months. 
Some of the information was not available and it 
was necessary to arrange for weighings and other 
special records to be obtained. It was also neces- 
sary to obtain assistance from other departments, 
e.g. design engineers, process engineers, work study, 
commercial and accountancy departments. In 
addition, a Hollerith analysis of twelve months’ 
output was obtained in terms of all the parameters 
of size, quality, etc, of the end-products. 


including working 
and costs involved, at 


Construction of numerical model 

The third part of the investigation was largely 
devoted to the construction of an arithmetical 
model of mill operations that would serve to show 
how the different sections depended on one another, 
how changes in any one would affect the others, 
and how sensitive the whole system was to external 
factors, such as variations in the pattern of demand. 
It is typical O-R practice to represent the workings 
of a system by a numerical model, which in this 
case was constructed in two parts. One was 
a production flowsheet (fig. 1), showing the progress 
of metal through all process stages, and drawn to 
scale to give a visual indication of the relative 
proportions (by weight) of different metals and 
products at each stage. The second part of the 
model was an input-output analysis for the main 
items of plant (Table I), from which their require- 
ments under different conditions could be com- 
pared with their throughput capacities (Table I), 
thus showing the balance of plant throughout the 
mill (the simplifying assumption was made that 
ancillary plant should be matched to the main items, 
and this had to be justified later in terms of cost). 
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conditions: to validate the accuracy of the model 
it is not usually necessary to test more than one or 
two such estimates, chosen so as to cause the least 
interference with daily production. ‘ Special 
measurements ’ refers to the fact that standard units 
are seldom representative of work patterns and it is 
usually necessary to construct a new yard-stick, 
a factor-system on which part-processed material 
and different end-products can be compared, and 
machine capacities evaluated for different metals 
and different practices. When measuring output, 
for example, one cannot equate a ton of }-in. plate 
to a ton of 10-in. circles 0-05 in. thick. It some- 
times happens that the necessary factor-system 
cannot be fitted to the model by simple arithmetic 
alone; when this is so, then mathematics of the kind 
frequently associated with O-R has to be used 
é.g. queueing theory, linear programming, etc, and, 
of course, applied statistics). However, the good 
O-R worker tries to make every possible simpli- 
fication and only to use the more refined techniques 
as a check on accuracy, or when further simpli- 
fication is impossible; it is in his own interests to 
do so, both to save time and because it makes 
presentation much easier. 


For the investigation described the factor-system 
had to take several parameters into account; the 
more important of these were type of product (coil, 
sheet, etc), metal, gauge, and width. It also had 
to allow for yield so that plant capacities and 
material at different stages could be compared 
directly. This would have involved a lot of theo- 
retical and computational work and, to save time, 
the management agreed that it was sufficient to 
determine the balance of plant on the current level 
and pattern of production; if the balance for other 
levels or patterns were required it could be cal- 
culated later. This decision simplified the problem 
to one in which it was only necessary to allow for 
yield 

To determine the actual pattern of production at 


TaBLe II Comparison of throughput and available plant 
capacity (based on a throughput of 1,000 slab-tons of 
material with two-shift working at standard rates 

Actual Available 


Process stage throughput*  capacityt 


Strip section 














Hot rolling 800 525 

Cold breaking down 795 700 

Cold rolling and finishing 555 650 
Sheet section 

Cold breaking down 100 325 

Intermediate rolling 410 500 

Cold rolling and finishing 305 600 





*As shown in Table I 
+ Estimated capacity for above conditions and most 
economic operation at each stage 
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each stage the production flowsheet (fig. 1) was 
prepared. 

This flowsheet was based on analyses of recorded 
metal intake and the output of finished products 
and, at intermediate stages, on operating records 
checked by sample weighings of process material 
and scrap. 

Once it had been confirmed, the next step was 
to convert actual weights into units that would take 
account of yield. This was done by converting 
the actual quantity of metal at any stage into the 
equivalent weight of raw material (as cast slabs) 
that would be required to produce it. This unit 
of weight was named the ‘ slab-ton’ and had the 
property that the slab-tonnage of any batch would 
be constant throughout the process. Using this 
unit and the pattern determined by the flowsheet, 
an input-output table was prepared for the main 
process stages. 

Table I shows, in slab-tons, the origin and 
destination of metal passing through the different 
sections of the mill during the period considered. 

The final work in this part of the investigation 
was to compare throughputs, as shown in Table I, 
with available machine capacities, and to cost 
modifications or alterations required to achieve 
a balance. This comparison is shown in Table II. 
The figures quoted here represent the sort of 
comparison obtained, though the details have, of 
course, been altered. 

Available capacities shown in Table II were 
calculated from actual measurements of performance 
under different conditions of operation, and are 
based on the assumption that each machine is 
used in the most economic way for the work best 
suited to it. The salient features are as follows: 

i) Surplus hot rolling capacity. In fact, this plant 
was undertaking work additional to that shown; 
otherwise, on the figures given, there would have 
been a possibility that, with small capital expen- 
diture to increase the rate of throughput, an overall 
saving might have been possible by going over to 
single-shift working. 

ii) There is an obvious bottle-neck at strip 
cold breaking down. In practice this had been 
overcome partly by overtime working, and partly 
by making less than the optimum overall reduction 
at this stage so that some of the work could be 
carried over to a later stage. Both of these would, 
of course, increase process costs. 

(iii) Surplus sheet rolling capacity. 


Presentation of results 

The fourth part of the investigation, presentation 
of results and suggestions, was really begun while 
the second part was going on. All information 
derived from the collection and analysis of data 
was circulated to the mill manager and his staff 
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with a request that it be vetted as an acceptable 
basis for decision making; this meant that discus- 
sion on conclusions reached at a later stage could 
be confined to their practicability and cost. Before 
the issue of a draft report these conclusions and 
suggestions were also circulated to the same people. 
This enabled them to make a preliminary assess- 
ment of the recommendations; those with which 
they agreed, and which did not require reference 
to higher authority, could be implemented at once; 
those with which they disagreed, or which did 
require reference to higher authority, were suitably 
re-worded and included in the draft report for 
further consideration; those that were invalidated 
by factors not previously known to the team were 
discarded. The manager was also able to point 
out where the wording might be amended for 
dipiomatic reasons ! 

The draft report was then circulated to a list of 
persons previously agreed with the production 
manager, and a meeting was held under his chair- 
manship to discuss it and to take policy decisions 
for future action. A final report was then prepared 
and circulated to all concerned. 

The agreed conclusions of the final report could 
be grouped under four headings: 

1) Plant and machinery Various points were 
noted that might improve the efficiency or economy 
of operations. In particular, to increase strip cold 
breaking down capacity, two modifications to 
operation and plant were submitted; these were 
remitted for detailed study and costing by the 
engineers. Means of increasing sheet rolling 
capacity still further were suggested, and in view 
of these it was agreed that capital could be reduced 
by removing surplus machinery; the space thus 
cleared is being used as an extension of the ware- 
house, which would otherwise have had to be 
built on to the mill. 

2) Production planning Particular reference was 
made to standardization; also to improving yield, 
and reducing delays in the completion of individual 
orders, by recalculating metal ‘ requirements ’ from 
measurements made during the investigation. 

3) Economic factors This covered such items 
as stock-holding, relative profitability of different 
products, etc 

One example of the latter was a certain line that 
was generally considered to amount to some 15 
by weight of total output; from the data collected, 
however, it was found to amount to no more than 
5 Subsequent investigation showed that this 
discrepancy was largely accounted for by additional 
planning and process time required, so that 15 
was not an unfair estimate in terms of ‘ nuisance 
value "—a quantity not adequately reflected in the 
price structure. 

4) General This group included miscellaneous 
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recommendations such as the use of statistical 
analysis as a basis for improved planning, and of 
designed trials to establish optimum practices under 
conditions not previously recorded. It also in- 
dicated places where the use of method study 
might lead to considerable improvements, and 
probably cost savings, in materials handling and in 
certain of the operations. 


General comment 


Such, then, is a fairly large-scale O-R investiga- 
tion. It might be expected to occupy a team of six 
for a period of nine months, at an overall cost of 
some £10,000. But smaller and more specialized 
problems are also amenable to this sort of approach. 
Of course, the savings achieved might be nil, but 
in practice it is not unreasonable to expect savings 
of up to 10°,, of the total capital involved, or 5° , 
of total running costs, or something between the 
two. On this basis it is possible to suggest criteria 
for starting such an investigation. First, the 
problem should not lie within the clearly defined 
speciality of a single department (though there may 
be exceptions to this, where O-R workers can help 
in devising an objective ‘ Measurement ’ to compare 
alternative courses of action). Second, if the 
estimated cost of an investigation is less than | 
of the total capital and 5°,, of the total costs in- 
volved, it will probably have paid for itself within 
two years. This suggestion is rather speculative, 
but it is supported by experience. In addition, the 
final report is a documentary account of operations 
that could not be bettered by experience alone. 
When the manager is faced with an important 
decision he knows not only which parameters are 
important, but also the sensitivity of the system to 
changes in each; so, basing his judgment on how 
these parameters may alter, he can make his decision 
more easily and with greater confidence. 


Nickel exhibition at Cranfield 


More than 2,000 people attended a four-day exhibition 
devoted to the latest developments and uses of nickel 
held last month at the College of Aeronautics, Cranfield. 
The exhibition was organized by the Mond Nickel Co. 
in co-operation with the College 


A particular feature of the week was a lecture sym- 
posium, organized by the Department of Aircraft 
Materials of the College, and attended by 200 specially 
invited representatives from the aircraft industry, as well 
as by several hundred people from educational and 
industrial establishments. The leccures were concerned 
particularly with the application of nickel alloys in air- 
craft engineering. At the lunch organized for the occa- 
sion, Professor A. D. Baxter, a former professor of 
aircraft propulsion at the College and now a director of 
the De Havilland Engine Co. Ltd., welcomed the meeting 
as a sign of the growing activity of the new materials 
department and of the excellent and extensive co-opera- 
tion it has received from the Mond Nickel Co. Ltd. 
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WHEREAS INDUCTION HEATING of billets is by no 
means uncommon, a new unit, believed to be the 
first of its kind built in Britain, incorporating dual 
frequency heating, has recently been installed by 


Birlec Ltd. at the Witton (Birmingham) Works of 


Forgings & Presswork Ltd. The unit employs 
mains frequency power for pre-heating the billets 
to 700 C. and high frequency (3 kc's.) for final 
heating to forging temperature. By this means 
the required high-frequency generator capacity is 
halved, with substantial savings in capital and 
running costs. 

Rated at 400 kW. total, half the power is applied 
direct from the 50 c's. power supply and half from 
a B.T.H. motor alternator. A heat-insulated tunnel 
between pre-heating and final heating coils reduces 
heat losses to a minimum. 

Rapid heating ensures that scaling is reduced to 
a minimum and the cycle is arranged for the auto- 
matic delivery of a regular supply of heated billets 
at controlled intervals. 

The installation is capable of heating 1 ton h. of 
steel billets, though the output is adjustable down 
to 7 cwt./h. Interchangeable heating coils provide 
for the heating of various sizes of billet, ranging 
up to 4 in. square and 12 in. long, for delivery to 
a high-speed Massey forging press. 

The unit has twin horizontal tracks, each 
equipped with dual-frequency heating coils, worked 
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Delivery end of Birlec 400-RW’. dual-frequency billet-heating 
unit. Billets being delivered to the high-speed Massey forging 


alternately by means of air-operated pusher-type 
feeder mechanisms. 

From the moment billets are loaded on to the 
elevator magazine, their progression through the 
heater is fully automatic. Upon discharge from 
the high-frequency coil, billets are delivered by 
gravity ‘eed down chutes to the forging press. 
A ‘ knock-off’ device at the exit prevents billets 
from adhering to one another on emerging from 
the coil. 

Providing space for a ten-minute supply of work, 
the loading magazines are equipped with two sets 
of limit switches. The first actuates an alarm when 
the loaded magazine is becoming depleted. After 
a further interval, should there still be no delivery 
of billets to the magazine, the second switch trips 
off all power. There is thus no danger of over- 
heating residual billets in the coils. 


Heavy forging press outputs 


The Wyman-Gordon Company, Worcester, Massa- 
chusetts, one of the principal American pioneers in air- 
craft heavy press work, recently celebrated its 75th 
anniversary. The concern was the first of the operators 
of large presses in the United States, having installed in 
1946 two forging presses of 35,000 tons and 50,000 tons 
capacity respectively. Since these presses went into 
operation at the Grafton plant in January, 1955, they 
have converted into aircraft and engine parts over 
21,000,000 Ib. of aluminium, steel and titanium 
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THE LABORATORIES of the Aeronautical Inspection 
Directorate were founded in 1914, and originally 





F $ 
9, " 
\\ z D. .% occupied a small building at Farnborough. Addi- 
“ei er aot tional laboratories were opened in 1915 in Sheffield 
2 \ote  . 2 
ee © 





e 
“ ‘oD and London for the testing of metallic and non- 
” —* metallic materials, and eventually, to cover the 
y 4 3 needs of gauge and electrical equipment testing, 
2 all the separate laboratories were centralized at 
a Kidbrooke. Further expansion in 1936 necessitated 
. the acquisition of additional space and three 
sections—Metrology, Metallurgy and Radiology— 
K, were moved to the Royal Airship Works at Car- 
ts dington, where they remained until the present 
n modern building at Harefield, Middlesex, was ready 
= for occupation in 1940. 
ry 
DS Aim of A.1.D. Laboratories 
r- The laboratories are divided administratively into 
six sections comprising Metallurgy, Metrology, 
Non-Destructive Testing, Guided Weapons, Tex- 
+ ake Cem copnmgh | Dublished by permsson tiles and an Apprentice Training School. In addi- 
" tion to these Sections coming directly under A I D 
=a 0 Miia i et control there are also a Physics Section and a Radio 
th eae 0 paG ae and Electricity Section both of the Inspectorate of 
ors Radtographic examination of dense metals up to Electrical and Mechanical Equipment and a Section 
a ee ee een a of the Chemical Inspectorate. 
20 The laboratories at Harefield aim at the main- 
ey high-energy X-rays and y-rays. The equipment tenance of high quality of supplies through the 
er 


udes a 1,000 kV. and a 2,400 kV. X-ray set application of precision measurements and the 











metal treatment 


and Drop Forging 





2 Apparatus for the 
measurement of wall thickness 
of long tubes by optical 
method 


Published by permission of the 


Controller, Her Majesty's Stationery Office 


development of new inspection techniques. For 
this purpose they are equipped with modern 
facilities and test apparatus for the accurate evalua- 
tion of aeronautical supplies. 

Whilst the work carried out includes many check 
tests on samples submitted by AID inspectors, 
important features are collaboration with industry 
on precision test methods, investigation of failures 
and the improvement of inspection techniques 
generally. The laboratories engage in development 
work arising from the introduction of new materials 
and equipment, from new aircraft constructional 
practice, from the use of higher radio frequencies, 
etc. 

The laboratories have in recent years become a 
training centre for A I D staff, regular courses being 
given in such subjects as Metrology, Metallurgy 
and Non-Destructive Testing. Training is also 
given in special instances to staff sponsored by other 
official bodies. 

The continuing aim of ‘the laboratory is the 
maintenance of high standards by collaboration 
with industry—representatives of some 200 firms 
visit Harefield annually to discuss specific problems 

The following account describes a few of the 
items of metallurgical interest which were exhibited 
at the ‘open days’ held recently at the laboratories 


Radiography 

Many areas in an aircraft structure are com- 
pletely boxed in and are thus inaccessible to visual 
and other inspection methods. Such areas 
are frequently highly stressed or may con- 
tain vital structural members 
regions of this type is normally accomplished by 
stripping down the parts concerned. This process 
is both time-consuming and expensive. Radio- 
graphy has been introduced as a non-destructive 
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test method capable of providing information on 
the condition of internal members of a structure 
without the need to dismantle the part. Structural 
deformation, broken rivets, and loose debris can, 
in most instances, be clearly revealed in this way. 

An interesting application of radiography in this 
field concerned with the detection of cracks, 
particularly those arising from fatigue. Instances 
have occurred in secondary structure where radio- 
graphy has clearly shown the presence of cracks in 
thin gauge, light alloy members. However, other 
examples are shown where visible cracks could not 
be revealed by radiography because certain factors 
such as thickness of material, crack orientation, 
and crack width were detrimental to the success of 
the method. 

The reliability of radiography as a means of crack 
detection has not been fully investigated. The 
purpose of the work of the Radiology Section in 
this field is directed towards an assessment of the 
dependability of the method in this respect, and to 
this end a tailplane assembly has been completely 
radiographed. The radiographic evidence thus 
obtained will be correlated with visual evidence 
of defects disclosed after dismantling the tailplane. 
In addition, an artificial defect has been devised in 
which a simulated crack can be varied in width, 
depth, and thickness of containing material. This 
specimen is being radiographed under a variety of 
conditions in which each of these characteristics is 
varied independently. It is hoped that the evidence 
obtained by the practical work on the tailplane 
and by the more theoretical approach on the 
artificial specimen will indicate more precisely than 
is at present possible the degree of reliability that 
can be attached to radiographic evidence in crack 
detection. 


Penetrant flaw-detection fluids One of the great 
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difficulties experienced in evaluating penetrant flaw 
detection fluids, and in checking the efficiency of 
such processes in routine use, has been the scarcity 
of suitable test specimens. One ideally requires a 
series of similar specimens containing identical 
‘natural’ defects which are subjected once only 
to the penetrant processes under test. No reliable 
method being available at present for producing 
such specimens, attention was given to the develop- 
ment of a demountable artificial defect which could 
be cleaned prior to each individual test and which 
would re-assemble to produce identical conditions. 

The mating faces of the two steel sleeves of the 
test piece are lapped and four areas on the periphery 
of one of the faces are relieved below the general 
level to the extent of 0-0001, 0-0002, 0-0003 and 
0-0004 in. respectively. When the lapped faces 
are clamped together with an intervening layer of 
soft metallic foil, the four recesses constitute 
artificial defects of varying widths. 

In use, a standard procedure is adopted in the 
cleaning and assembly of the test piece prior to 
carrying out an evaluation test. Briefly, the method 
is to degrease the component parts of the test piece, 
assemble and tighten the nut to a standard torque 
of 200 Ib ft. The edge of the foil is then trimmed 
with a sharp blade and the penetrant under test is 
applied in the recommended manner, inspection 
being carried out later at each of the four artificial 
defects. 

Experience of the test piece has been gained from 
its use, in conjunction with certain components 
containing known natural defects, for the evaluation 
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3 Lert Radiographic examination 
of an aircraft tailplane in an 
investigation for the evaluation of the 
method for the detection of defects 


Photographs published by permission of the 
Controller, Her Majesty's Stationery Office 


4 BELOW Free-cone bend test 


apparatus 





of a number of penetrant fluids. The test piece has 
given good reproducibility of results for any par- 
ticular penetrant and has proved to be of con- 
siderable value in assessing the efficiency of different 
penetrant processes. 

Measurement of the wall thickness of a long tube 
The apparatus, shown in fig 2, consists of a beam 
of channel section carrying an alignment telescope 
at one end and a measuring anvil at the other. 
A measuring stylus is held directly over the anvil 
by a thin walled small diameter support tube, the 
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opposite end of this tube being connected to the 
beam by a simple form of universal joint. An 
illuminated target is situated in the plane of the 
measuring stylus, and displacements of the stylus 
and target, relative to the measuring anvil, can be 
viewed through the bore of the stylus support tube 
by the alignment telescope. The distance between 
the stylus and the measuring anvil is standardized 
by means of a slip gauge, and thus the differences 
between the slip gauge value and the wall thickness 
of the tube are measured directly by the optical 
micrometer of the alignment telescope. 

Determination of the expansion internal pressure 
characteristics of tubing With the introduction of 
higher pressures in the hydraulic systems of modern 
aircraft it was considered desirable that an apparatus 
should be made which would evaluate the circum- 
ferential or hoop stresses and strains in the tube 
walls of such systems while under pressure. 

The principle of the equipment developed to 
meet this need, is the measurement of the expan- 
sion of a sample of tubing under internal pressure 
by means of liquid displacement. The volumetric 
changes are then converted to mean circum- 
ferential strains and the internal pressures to cir- 
cumferential stresses. From the data thus obtained, 
circumferential stress strain graphs can be plotted 
and the elastic and some non-elastic properties of 
the sample determined. 

The volumetric changes of the tubing under test 
are measured by means of a micrometer-controlled 
piston. The liquid surrounding the sample is 
displaced through a glass capillary and this dis- 
placement compensated for by retracting the piston 
until the liquid column has returned to a datum 
mark on the capillary. This can be repeated with 
increasing internal pressures until the tube is 
expanding non-elastically. 

Measurement of the diameter of steel balls The 
high standard demanded for the miniature ball 
bearings used in aircraft and guided weapons has 
created the need for measurements to a high degree 
of accuracy. One of the problems has been the 
measurement of the very small steel balls. 

To meet this requirement, apparatus has been 
devised which makes possible a series of continuous 
high-precision measurements as a ball is rolled 
under the anvil. By this method diametral varia- 
tions are revealed which might remain unrecorded 
by a method relying on a random point-to-point 
measurement. Furthermore, the handling diffh- 
culties associated with the latter method are almost 
eliminated. 

Running accuracy of miniature ball bearing 


The 


running accuracy of assembled ball bearings has 
hitherto been assessed from the results of separate 
measurements of side wobble, track wobble and 
eccentricity. 
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The apparatus operates on the principle that the 
combined effect of ali the errors in a bearing will 
cause the rotating ring to oscillate in either or both 
radial and axial directions. The bearing is mounted 
between two shafts, one of which acts as a stationary 
member and the other as a rotor, thus simulating 
operational practice. The shafts can be transposed 
so that tests may be carried out with either the 
inner or outer ring of the bearing rotating under 
radial load. A third shaft, mounted co-axially, 
supports the opposite end of the rotating shaft and 
provides means of applying a thrust for tests under 
axial load. A series of sleeves and mandrels are 
available so that various sizes of bearings can be 
accommodated 

The rotating shaft is driven by an electric motor 
and the axial and radial oscillations resulting from 
the composite effect of errors in the bearing are 
picked up by measuring heads and graphically 
recorded at high magnification. 


Creep laboratory 

A recent development in the laboratory is the 

itographic recording of extensions and the main- 
enance of load during tests in standard 5 tons 
capacity high-sensitivity creep machines. For the 
autographic recording of extension, a slightly modi- 
fied Marten’s type extensometer is used and the 
extensions are recorded by a 35-mm camera 
automatically operated at intervals of 1—12 h. 

With high rates of creep, automatic load main- 
tenance is necessary to overcome the need for staff 
to stand by overnight and weekends merely to 
adjust the load on the machine. This has been 
achieved by the use of micro switches operated by 
the loading beam, and a low-geared electric motor 
connected to the straining head. 


Apprentice training school 

A branch of the Ministry of Supply Student 
Apprentice Training Scheme has operated at Hare- 
field since 1953. An annual intake of 10 students 
recruited through the Civil Service Commission is 
accepted each September. 

The training scheme commences with two years’ 
workshop instruction and is followed by two years’ 
laboratory training in selected sections of the 
laboratories. The fifth and final year is spent with 
an aircraft firm to gain aircraft production and 
industrial experience. Academic training is directed 
towards the Higher National Certificate in mechani- 
cal or electrical engineering. Suitably qualified 
apprentices can enter a University or take the 
Diploma of Technology at Colleges of advanced 
Technology. On completion of his apprenticeship 
a student is eligible for technical assistant posts in 
the Ministry of Supply, and subsequently to the 
basic grade of professional engineer on attaining 
corporate membership of the appropriate institution. 
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NEW FACTORY at Halesowen, Birmingham, costing 


£250,000, was officially opened recently by 
His Excellency the Swedish Ambassador to Great 
Britain, M. Gunnar Haggléf on behalf of Sandvik 
Swedish Steels Ltd, a development which continues 
the expansionary trend of Sandviken Jernverks A B 
Sweden over the last century. For it was just one 
hundred years ago that G. F. Goransson, who per- 
fected the Bessemer process for the mass production 
of ingot steel, founded the parent company which 
has now extended its operations to cover 125 sub- 
sidiary companies and agencies throughout the 
world. 


Sandvik Swedish Steels’ first links with Birming- 
ham were begun in 1875 through S. A. Edwards 
& Co Ltd in Easy Row. In 1901 Mr Justus Fr 
Sjogren came over from Sweden to develop the 
Sandvik side of the business, and in 1914 the present 
company was formed under the name of The Sand- 
vik British Agency Ltd. Mr Sjogren was appointed 
managing director and chairman in 1914 and still 
remains chairman of the company. The basic change 
in the company’s affairs arose from a policy directive 
in 1951, when it was decided that the U K company 
would service its customers in Great Britain by 
carrying extensive stocks which provide a 24-hour 
delivery to anywhere in this country, and the name 

changed to Sandvik Swedish Steels Ltd. 

This policy proved advantageous alike to the 
customers and the company, and the warehouse in 
the Halesowen block now holds over 7,000 different 
items, each one individually packaged and classified. 
This in itself posed the problem of corrosion pre- 
vention, which Sandvik have overcome by develop- 
ing a method of protecting the various items by 
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Tungsten carbide tips being brazed to 
the body of a special lathe tool at the new 


factory at Halescw2n, Birmingham 


coating them with a transparent plastic film which 
also affords ease and cleanliness of handling. 


Tungsten carbide tools 

The manufacture of tungsten carbide tools com- 
menced in the garage. It was in 1956 when the 
overwhelming success of the newly-introduced 
range of tools demanded the number of machines to 
be increased from the original three to 20. At 
present the company is in the process of raising the 
number of machines for this purpose to 45 to meet a 
fivefold increase in demand. At the same time the 
new machines will enable the range of tools produced 
to be extended from flat form to circular form and 
various intricate shapes to suit customers’ special 
requirements. 


Another aspect of the company’s business re- 
flected by the new building will be the company’s 
ability to expand the volume of semi-finished pro- 
ducts imported from the parent company in Sweden; 
the finishing process will in turn provide more 
employment for local labour. The import of high- 
quality, semi-finished steel products centred largely 
around tubing, strip and wire complements the new 
factory’s productive capacity. Also the large stocks 
of cold-rolled steel strip in standard mill widths 
can be sheared and edge-dressed to the customers’ 
requirements 


An interesting quality product manufactured at 
Halesowen are ‘ machine clicking knives’ for the 
leather trade. The production of this important 
instrument, which is also used by the plastic and 
textile trades, enables the company to provide rapid 
delivery—an essential prerequisite for any industry 
subject to seasonal demands. 
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Grinding special tungsten 
carbide tools at the Halesowen 
factory of Sandvik Swedish 
Steels Lid 


Special Sandvik products 


The founder of the Sandvik Steel Works—G. F. 
Géransson—was not only a practical man who first 
perfected the Bessemer process for the mass pro- 
duction of ingot steel, but believed in technical 
‘ know-how ’” backed by research. He founded a 
first-class research laboratory, which has greatly 
contributed to the development and growth of the 
company and has helped to make the expression 
‘Swedish steel’ synonymous with the highest 
quality in the world. 

The Sandvik Steel Works directs the research 
work of its laboratories towards the development of 
many special products. For instance, at the begin- 
ning of the 20th century the company began the 
development of seamless steel tubes in grades 
capable of withstanding high pressures and elevated 
temperatures up to 650°C. This has proved in- 
valuable in meeting today’s requirements for the 
atomic energy industry, where this type of material 
is now in great demand. Because the Sandvik Steel 
Works controls the whole process of manufacture 
from iron ore to finished products, the company 
ensures the highest degree of cleanliness in its steels. 
For instance, in certain cases for the atomic energy 
industry it is essential that the cobalt content of 
certain steels should not exceed 0-001° 

Another special product developed by the Sandvik 
Steel Works laboratories is magnet iron for auto- 
matic telephone exchanges. This magnet iron has 
a very low ageing tendency, which enables telephone 
relays to function efficiently for a long time. Behind 
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this development lies a very extensive research pro- 
gramme and advanced metallurgical technique rely- 
ing On a very pure raw material. 

A special stainless spring steel, for watch main- 
springs and industrial springs, provides yet another 
example of what the Sandvik Steel Works has been 
able to achieve by pure research followed by prac- 
tical tests. This special steel is not only rustproof, 
but gives as good and strong springs as normal 
carbon steel and, in addition, a much longer life. 

Furthermore, this extensive research programme 
gave almost as a by-product a stainless steel with 
very good deep drawing properties, which makes it 
possible, for instance, to manufacture cocktail 
shakers in one single deep drawing operation instead 
of several drawing operations with intermediate 
annealings. 

An entirely different branch of Sandvik’s research 
covers cemented carbides, the production of which 
was started in 1942 by Wilhelm Haglund, who is 
now the managing director. In this connection the 
company recently introduced a new tyre of cemented 
carbide known as Coromant S!1 Premium. This 
carbide grade offers much better wear resistance 
than other grades, while at the same time it is 
reasonably tough. This grade has been enthusiastic- 
ally received throughout the world. Together with 
the development of new carbide grades goes the 
development of new tool designs and one might 
mention, beside the world-famous Coromant com- 
bination cutters, the Gammax and the T-MaxX tools, 
all of which simplify regrinding or eliminate it 
altogether. 
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High-intensity oil combustion 


Applications and advantages 


Various developments in the use of high-intensity combustion of light fuel oil are 
described, together with the advantages of the method in forging, heat treatment, 
and other applications. This article is based on a paper given by Mr. W. K. Etchells, 
of David Etchells & Son Ltd., to the Northern Section of the Combustion Engineer- 
ing Association in Sheffield last month 


IN THE PAST TWELVE YEARS ‘concentrated’ or ‘high- 
intensity’ combustion has enabled a new approach 
to be made in furnace design, particularly for direct 
firing, either with gas or oil fuel. With this type 
of combustion, the fuel is consumed in the burner 
and the resultant hot gases pass into the furnace 
chamber or heating zone of the equipment 
concerned. 

In the early stages gas was used as the fuel, and 
from the very good results obtained it was decided 
that some thought should be given to burning oil 
fuel in the same manner, and as a result this 
Company has for some years been marketing oil- 
burning furnaces and equipment for the high- 
intensity combustion of light fuel oil. These 
developments have enabled oil to be used on applica- 
tions where previously gas was considered to be 
the only suitable fuel; in many cases oil has given 
better results and always at a lower cost. 


The burner 

The ‘ Etchells ’ Patent High-intensity oil burner 
is designed to operate with a normal air pressure 
of 20 in. w.g. and gravity feed oil. It has a single 
lever control, and is proportional over its designed 
range, therefore automatic control can be easily 
applied. The proportioning is aerodynamic not 
mechanical. 

Due to the ability of the burners to operate with 
constant oil-air ratio, irrespective of chamber 
pressure, and that these ratios can be preset to give 
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CHARACTERISTIC CURVES 


1 Graph showing degree of accuracy to which atmosphere 
can be held 


oxidizing, neutral or reducing atmospheres as 
desired, many processes can be direct fired, giving 
increased efficiency. The graph shown in fig. 1 
illustrates the degree of accuracy to which the 
atmosphere can be held. 

It is interesting to note that smokeless combustion 
can be maintained with a reducing atmosphere, and 
by smokeless is meant that smoke of any sort is 
completely absent, even when lighting and shutting 
down. 

Combustion is completed in the flame tunnel of 
the burner at normal heat releases of up to 6,600,000 
B.Th.U./cu ft /h. (maximum figures of 8,000,000 
can be obtained), the resultant flame is incandescent 
and free from luminosity; its gas speed is very 
high, as combustion has been contained in the 
tunnel. This high gas speed ensures even heat 
distribution throughout the chamber or heating 
zone, and although the heat source is dimen- 





2 Section of high-intensity oil burner 











metal treatment 
and Drop Forging 


3 RIGHT Typical 
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galvanizing bath and 





sionally small, hot spots are eliminated in large 
chambers due to the rapid expansion of the hot 
gases on leaving the burner tunnel. The high 
gas speed increases the scouring action on the cool 
envelope surrounding a charge, and better heat 
transfer is obtained. 


Forge furnaces 

A complete range of high-intensity oil-fired, 
portable forge furnaces has been developed ‘o suit 
drop-forging stamps up to 30 cwt., and upsetting 
machines having 1} in. dia. stock capacity; above 
these sizes, larger static furnaces, both manual 
and mechanically operated, are available, suitable 
for bar, cut piece or billet work. 

All furnaces incorporate the latest techniques in 
design, the portable ones having a special high grade 
monolithic lining which will last up to 15 months 
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on manual temperature control, and over two year's 
on automatic control. A re-lining service 1s main- 
tained and run on an exchange basis, so that waiting 
time for furnaces due to repair can be completely 
eliminated. 

The advantages to be gained are, smokeless 
conditions, maximum heat release from the fuel, 
easy installation, simple single-valve control, either 
manual or automatic, consistency of heat quality, 
saving of floor space and portability with the 
smaller types. With regard to metal heated to 
normal forging temperatures at about 1,200°C., 
very favourable figures have been obtained in 
practice, depending, of course, upon furnace 
utilization and conditions. Outputs as high as | 
ton 20 gal. of oil have been reached and maintained ; 
on special applications where the furnace has been 
designed for a specific job 1 ton 17 gal. has been 
achieved as an average figure. Mild, carbon, alloy, 
stainless and high-speed steels can all be heated to 
forging temperatures with the minimum of scaling, 
decarburization or contamination. 


Heat-treatment and hot-pressing furnaces 


High-intensity combustion has been applied to 
furnaces under the above headings with a marked 
degree of success. The annealing of high-carbon 
steels, stainless steels and other alloys is being 
carried out in direct-fired furnaces, with results 
better than town’s gas. This method of combustion 
and direct firing is ideal for stress relieving and 
normalizing, as very even temperatures can be 
obtained, and accurately held for long periods, the 
rate of rise and fall can also be accurately controlled ; 
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or example, a rise of 1 C. every 10 minutes from 
150 C. upwards can easily be catered for by careful 
lesign and instrumentation. On automatic cycle 
\eat-treatment furnaces, the absence of hot spots 
ensures the longest possible life of any mechanism 
within the chamber; the fine control of excess 
xxygen also helps towards this end. 

With regard to equipment for hot pressing, the 
clean controlled atmospheres available ensure a 
minimum of scale, and the very thin scale produced 
is soft and falls away easily, giving a clean product 
and less wear to dies and tools; on larger work the 
evenness of temperature is, of course, a great 
advantage. For the non-ferrous trade where the 
finished product may have to be plated, the absence 
f free carbon is important. 


Galvanizing 

The heating of a galvanizing bath is most exact- 
ing, and hot spots must be avoided, the spelter 
temperature has to be held within close limits, and 
also long periods of low burn have to be allowed 
for; these periods may be in excess of 48 hours, 
likewise a quick heat recovery is necessary at the 
beginning of a working shift. 

The hot inert gases produced from high-intensity 
combustion can be passed along the heating flues 
around a galvanizing bath without the danger of 
further combustion or hot spots being created ; their 
clean nature also ensures maximum heat transfer 
to the bath. In the latest designs the burners are 
being fired directly along the flues, thus very 
much simplifying the setting. This could not be 
done with orthodox combustion methods, as the 
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5 Lert Pusher-type 
normalizing 
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6 BELOW 
Holloware drying 





flame length was difficult to control in a long 
narrow flue. 


The waste gases from the settings are so clean 
that they can be ducted directly into drying ovens 
without affecting the quality of the finished pro- 
duct; these gases usually supply about 50°, of the 
heat required under winter conditions; in the 
summer they are often sufficient for the total 
supply. 


Other applications 


Special applications have been developed to 
enable high temperatures for special processes up 
to 1,640°C. without flame luminosity. On the other 
hand drying ovens for foundry work and other 
trades can be successfully fired, using the gases 
directly in the work chambers. 
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Heat treatment 


of drop forgings 


Continuing the series of synopses of the NADFS 
Spring lectures for younger members of the industry, 
we reproduce below some of the main foints of the 
fourth of the 1958 series given on May 13 by Mr 
F. C. Bird, research metallurgist at Walter Somers 
Ltd. Mr. Bird, the three BISF 
mstructional films on © The Structure and Properties 
of Steel,’ dealt with the fundamentals of the physical 
metallurgy of steel, and how this affected the work of 


assisted by 


the heat treater 


THE LECTURER, prefacing his talk by the short 
film on ‘ grain growth,’ had two cautionary remarks 
to make. In the first place, said Mr. Bird, those 
who were not quite used to this subject should dis- 
miss from their minds any connection with the 
words ‘ grain flow.’ Grain flow, as could be seen 
in the exhibition sections of drop forgings, was 
something entirely different. It made use of an 
inevitable imperfection in the forging whereby the 
segregation was shown up by an etching method in 
order to reveal the way in which the original bar 
or piece had been deformed in the dies, idea ly so 
that the greatest strength was opposed to the 
greatest stress. Grain growth was something en- 
tirely different, namely, a crystal-grain growth of the 
material itself. Whereas grain flow was on a 
macro-scale, which could be seen by the eye or at 
low magnification, grain growth was normally on a 
micro-scale, discerned and appraised only with a 
microscope. 

In the second place, Mr. Bird pointed out that 
while no actual drop forgings might appear in the 
film, the essential processes of hot-working, re- 
crystallization, normalizing, and annealing were 
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common to drop forgings as well as to any other 
kinds of steel item. 

The film illustrated the mechanism of grain 
growth, the effect of increasing temperature and 
hot working, together with the results these factors 
have upon physical properties. Mr. Bird then dealt 
with some of the fundamental aspects of heat 
treatment. Metals, like all matter, were made up 
of atoms arranged in a patterned form in the soiid 
state. In the case of common steels at room tem- 
perature the basic unit was that of a cube with 
atoms at each corner and another in the middle. 
At one time it was thought there were three forms 
in which iron could exist, and they were given the 
first three letters of the Greek alphabet, ‘ alpha,’ 
‘ beta,’ ‘ gamma,’ but later it was found that the 
‘ beta’ form was non-existent so that term dropped 
out of use and we were left with the ‘ alpha’ and 
‘gamma,’ much as British Railways for many years 


retained ‘first’ and ‘third’ class long after the 
‘second’ had been abandoned. A more recently 
discovered form, termed ‘ delta,’ was of less sig- 


nificance to the heat treater. 
Atomic re-arrangement 

When heat was applied to steel, energy was 
absorbed, causing expansion to take place and a 
change in properties, the metal becoming softer, 
more malleable, and more susceptible to deforma- 
tion in hot working. At a certain temperature, 
however, which for pure iron was about 900°C., 
the atoms rearranged themselves. In the metal 
above 900 C. we still had atoms at the corners of 
the cube but the one in the middle had disappeared, 
instead we found one in the centre of each face. 

This was of fundamental importance to the heat- 
treater. The most important of the alloying com- 
ponents in steel was carbon, which exists in steel at 
room temperatures in the form of an iron carbide, 
Fe,C. But at low temperatures carbon is almost 
insoluble in the alpha form of iron. To dissolve 
carbon we were driven to heat the steel to the 
upper critical limit where the atoms would rearrange 
themselves and then, and then only, the iron car- 
bide would break down, the iron atoms going to 
form part of the new formation or ‘ lattice ’ struc- 
ture as it was called, and the carbon atoms dis- 
appearing and dissolving within the mass. They 
were distributed amongst and between the regular 
lattice pattern of the rearranged iron atoms. This 
was known as ‘ solid solution,’ and it was a basic 
principle of heat treatment that one must take the 
metal to a temperature at which solid solution of 
the carbon takes place in order to produce an 
entirely new arrangement or get rid of anything 
unwanted in the previous structure. The metal so 
to speak turns over a new leaf and begins life 
afresh, but it is necessary to get it to that tempera- 
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ture first, and ideally a little beyond it, in as short 
a time as possible and retain it there no longer 
than required. 

Mr. Bird then considered briefly the various 
types of heating furnace which were used for the job 
of bringing steel up to its critical temperature, with 
particular reference to the latest kinds of auto- 
matically-operated units. Gas and electricity were 
suitable heating mediums for either continuous 
furnaces, or an installation of batch furnaces served 

y a charging machine. 

The second film illustrating the ‘ role of carbon 
n steel’ was then shown. This illustrated the 
arying temperatures of solution dependent upon 
1e analysis, the gradual absorption of carbon in 
amma iron (austenite) and the rejection of alpha 
on (ferrite) or iron carbide (cementite) during 
wling. It showed the effects upon hardness, 
trength, ductility and shock of varying the carbon 
mtent. 

After the second film Mr. Bird said that there 
ere two points which must be emphasized. The 
rst was the necessity for proper automatic control. 
‘nless one had adequate pyrometric equipment 
1¢ chances of carrying out successful heat treat- 
rent were very small indeed. At the recent 
nstrument Exhibition in London he had seen 
iree instruments costing less than {40 each, which 
yuld serve for simple on off control. The prin- 
iples were all very well known; a pyrometer, con- 
sting of two dissimilar wires, was put into the 
irnace in an appropriate position, and where they 

were fused together at the tip a minute electric 
current proportional to the temperature was gen- 
‘rated. This was measured by a galvanometer, 
ind indicated in temperature. Thus, by automatic 
neans, the heating medium, electricity, gas, etc., 
ould be controlled to maintain a preset tem- 
perature. 

That was the first essential, but it must also be 
mphasized that unless automatic plant and pyro- 
neters are maintained, unless they are checked 
igainst a standard, unless the user had an arrange- 
nent with the supplier, for maintenance, things 
could go sadly awry. Also, it was important to 
1ote that the position of a pyrometer in a furnace 
vould affect its utility. That was not of vital im- 
portance, providing the operator was aware of the 
possible discrepancies involved. The instrument 
might be positioned in the roof and be giving a 
‘mperature of 20° higher than that lower down, 
out if one was aware of this and took steps accord- 
ngly then it could be an asset and useful in en- 
suring regular reproduction of the desired condition. 
But if someone placed it in a fresh position, pulled 
it out a few inches so that heat escaped along the 
stem or pushed it further in—all these things could 
affect the indicated as distinct from the true tem- 
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perature, and consequently the resulting process. 

The second point, important in connection with 
quenching operations, was the state of the oil bath. 
The quantity of oil was usually gauged by rule of 
thumb at approximately a gal. per lb. of steel 
quenched per hour. The type, mineral oil, was 
not very expensive, perhaps 2s. 7d. to 3s. per gallon, 
according to the quantity purchased. The desir- 
able temperature was between 25 and 80°C. If 
the temperature was lower, the oil would quench, 
but it was a fact that at low temperature the oil 
became viscous and therefore, because it did not 
flow so rapidly across the heated surfaces, it would 
not abstract the heat so quickly, and the quenching 
process was impaired. As it warmed up the oil 
became more fluid and could pass a given spot more 
quickly, thus abstracting heat more readily, but 
the hotter the oil, the lower was its specific heat. 
That clearly was a disadvantage, because it meant 
that it would not cool steel so readily, the two 
factors being opposed to one another. On the 
whole, a warm oil would quench better than a cold 
one, but at about 80°C. any advantage from the 
reduced viscosity of the oil was more than offset by 
the reduced amount of heat which it could absorb. 
Mr. Bird said he had known, and used successfully, 
baths at both below and above these temperatures, 
but that quoted was the desirable range. 

That brought up the question of oil cooling. 
There were very simple methods—a water jacket 
around a quench tank, sometimes even a coil 
within the bath itself, but these were not ideal 
because if there was any trace of leakage and water 
got into the quenching oil, trouble was bound to 
ensue. Various air coolers were sometimes used, 
but if one blew vast quantities of air through 
streams of hot oil, an oxidation process took place 
and the oil tended to thicken which was unde- 
sirable. By far the better method was to use a 
heat exchanger, whereby the hot oil from the 
quenching vat was pumped through a cylinder 
containing a nest of tubes, water passing through 
these tubes in a contrary direction so that the heat 
was transferred from the oil to the water, which 
could then be cooled by a second cooler of the 
‘wind through the rain’ type. 

Mr. Bird then showed the third film, dealing 
with the structures produced by heat treatment. 

Considering normalizing Mr. Bird said that one 
did not always obtain the refinement shown in the 
film, and he wanted also to draw attention to one 
special feature in a slide. Here the treatment had 
only just been sufficient to remove most of the 
original structure from the forging, a structure 
which was perhaps coarser than it need have been 
had there been better control during the forge 
heating. If the audiencé looked closely they would 
see the faint outline of the original grains. But 
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nevertheless it was a correct decision not to change 
the normalizing temperature, because a higher one, 
which would have obliterated these last traces, 
would have produced a coarsening of the whole. 
Secondary structure impaired the physical pro- 
perties more than residual forging traces. 

A further difficulty could arise from non-metallic 
inclusions and stringers in the steel. These affected 
the structure to the extent that the carbon migrated 
from such regions into the surrounding areas 
causing a band of weakness. 


Volumetric changes 

A further point, which was not emphasized in 
the film, was that when these changes take place 
from the one type of atomic structure to the other 
there is a change in volume. As the metal went 
into the alpha state from the gamma during quench- 
ing the volume was increased; conversely, when 
heating up from alpha to gamma the volume de- 
creased. These alterations were superimposed, 
though in a contrary direction, upon the ordinary 
volume changes which every substance underwent 
when heated and cooled. There was likelihood of 
trouble if there were considerable changes in sec- 
tions of the forging. During heating and cooling, 
but especially during cooling in quenching, different 
parts of the forging would reach the critical tem- 
perature at different times, either leading to dis- 
tortion or else additional stress. 

How was that overcome in practice? Plainly 
the use of alloy steels provided four aspects. 
First of all, it increased the permissible strength 
which could be obtained. Secondly, it permitted 
a higher degree of tempering, so that a considerable 
degree of strength was retained while still pre- 
serving ductility and toughness. Thirdly, because 
it made possible these changes at less critical 
speeds it enabled treatment to be carried out in a 
slower quenching medium which, being less drastic, 
was less liable to produce either cracking or dis- 
tortion, and lastly, the alloying elements, nickel, 
chrome, etc., increased the capacity of the steel to 
harden throughout at slow speed. The difficulty 
was that due to the competitive tendencies of the 
day the customer often desired the cheapest steel 
with the least amount of alloying elements present, 
and in consequence the heat treater wa: often 
faced with the problem of how to get the required 
properties without cracking or distortion. This 
was often made worse by the fact that the section 
had been fined away to the barest minimum by the 
designer of the part. Compositions and section 
sizes yielding satisfactory results upon laboratory 
determinations were sometimes difficult to repro- 
duce under workshop conditions, e.g. when several 
layers of forgings in a batch-type furnace led to 
* slack ’ quenching. 
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Discussion 

Opening the discussion, Mr. Jackson (NADFS) 
asked Mr. Bird which single aspect of heat treat- 
ment in his opinion received least proper attention ? 

Mr. Bird said that his attention had been drawn 
to difficulties due to the inadequate cooling 
of oil. In two or three drop forges he had seen 
this oil reach temperatures well over 100°C. 
Either the throughput had been too great for the 
plant or else the quenching facilities were inade- 
quate or had not been increased to keep pace with 
the extra furnaces and output. 

Mr. Bird was asked why he had said that he 
preferred gas-fired furnaces for heat treatment 
rather than oil-fired ones? Did he consider that 
oil-fired furnaces were only suitable for heating for 
the drop stamp? He replied that the difficulty 
with oil was the flame temperature. If the oil be 
properly mixed, properly atomized and properly 
fired, the temperature was so high, about 2,000°C. 
possibly, that it was very difficult to distribute 
such intense heat evenly over the surface unless 
one had a furnace of the continuous type in which 
incoming forgings pick up the extra heat, and the 
whole arrangement working in a fixed sequence, so 
that they are bound to be ejected after 8, 9 or 10 
minutes per tray. This ensured that they never 
got over-heated. Otherwise as the forgings ap- 
proached the proximity of an oil flame.they would 
tend to be over-heated. The secret of successfully 
using oil for heating for the drop forge or for heat 
treatment was proper control and distribution of 
the heat. For this reason it was best to use a thin 
oil and a measure of air re-circulation. 

Mr. Bayliss (Forgings and Presswork) said that 
he personally had been prejudiced against oil for a 
great many years, but only a few weeks ago he had 
visited one of the larger motor manufacturers who 
had uistalled a battery of oil-fired furnaces made 
by a local manufacturer which were operated with 
a mechanical charge, and these furnaces were used 
both for hardening, normalizing and tempering, a 
measure of forced convection being included when 
tempering. Since then his prejudices had largely 
disappeared, he had been most impressed. All 
these furnaces were automatically controlled, and 
seemed to compare favourably with gas-fired ones. 

Mr. Collins (Ruston & Hornsby) said that no 
mention had been made yet of the treatment of 
drop stampings to provide maximum general 
machinability. Would the lecturer like to com- 
ment on the treatment of, say, En 25, to give both 
a fairly high tensile strength and also good general 
machinability. 

Mr. Bird said he was dealing with En 25 for 
heavy forging, but never for drop forging. 


continued on page 525 
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Last month, two annual events of importance to drop forgers took place—the 
annual banquet of the NADFS at the Grand Hotel, Birmingham, on 
November 6 and the ninth technical convention at Droitwich Spa, on November 


21 and 22 


National Association of Drop Forgers and Stampers 


the 


THE GROSVENOR Rooms of the Grand Hotel, 
Birmingham, were once again filled to capacity 
when the annual banquet of the NAD FS was held 
on November 6. This annual event provides a 
welcome opportunity for members of the heavy 
engineering industry, the automobile industry, and 
steelmakers to meet together each year, and only 
the limits imposed by the size of the banqueting 
hall prevents a further increase in the number of 
those sharing the occasion. 

The toast of the Association was proposed 
by Sir Andrew McCance, K.T., D.L., D.SC., LL.D., 
F.R.S., president of the British Iron and Steel 
Federation. In the course of his speech, Sir 
Andrew referred to the problems of organized 
labour in this country and of foreign trade com- 
petition. The present recession with its rise in 
unemployment had made us all only too well 
aware of the effect of too-high wages and there 
could be no real improvement unless there was an 
increase in the production of each man employed; 
that was a thing which Sir Andrew was sure was 
appreciated by everybody in the room. The 
position in which we found ourselves today with 
a recession in our midst would, he hoped, make the 
more responsible of the labour leaders pause to 
think. Perhaps he might be a little optimistic in 
that but he still had the hope, for if not he felt 
that they would be forced to do so very soon. It 
seemed to him that there was another aggression 
rolling up in front of us and coming up pretty fast; 
that was the foreign competition in those markets 
which we in Britain had long regarded as our own. 

Undeveloped countries with only limited con- 
suming markets, continued Sir Andrew, were set- 
ting out to manufacture goods far in excess of their 
capacity to consume them in their own markets. 
Many of them regarded it as a matter of national 
prestige that they should do so, and some of those 
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ventures were being financed by countries that had 
never been particularly favourable to our way of life. 

What were they going to do with these surpluses 
which they could not sell at home? Sir Andrew 
found that a very disturbing question. He said 
that it was a question to which he could not give 
any immediate answer, but that unless we were 
allowed to turn our minds more to what was 
happening outside the country, with fewer distrac- 
tions to deal with inside, then in the course of 
time our dreams of industrial expansion, the 
schemes we had planned for the future, all those 
higher standards of living, that were now regarded 
as a right, all those things would look pretty sorry 
for themselves. 

The president of the Association, Mr. J. H. 
Swain, managing director of the Stampings 
Alliance Ltd., replied to the toast. He 
recalled that it was many a long year since the 
Midland Drop Forgers had the pleasure of receiving 
some regular visits from a brilliant young metal- 
lurgist, Dr. McCance, when after founding an 
alloy steel company, later to become associated 
with David Colville & Sons, he set about ener- 
getically introducing its products to prospective 
customers. So much had happened to Sir Andrew 
in the meantime that it was with some trepidation 
that he had approached him earlier in the year, 
asking him to be their guest that evening. 

Mr. Swain spoke of the drop-forging industry 
and said that it was a large and fastidious user of 
steel, probably approaching some three-quarter 
million tons a year, in all qualities. There were 
some deficiencies and uncertainties of future supply 
that were being looked into at the present time. 
He gave as an example having to pay bar prices 
for some of the smaller sizes which used to be 
available in the form of billets, and said that he 
had been informed that the French drop forgers 
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had recently persuaded their suppliers to re-intro- 
duce billets down to 35 mm. section (about 1} in. 
square). It would be a considerable benefit to 
those making the smaller range of forgings if they 
could once again purchase small billets at appro- 
priate prices. It had been suggested that it did 
not matter very much what steel cost as long as all 
paid the same, but that was not now true because 
drop forgings were increasingly faced with com- 
petition from products made by other processes, 
and as raw steel on average represents 50°,, of the 
cost of a drop forging, the price and suitability of 
the steel used was of crucial importance in main- 
taining competitive price levels. 

Later in his talk, Mr. Swain made sympathetic 
reference to the passing of Colonel Will Danielsen. 
Everyone who knew him would greatly miss this 
founder member of the Association, who for more 
than forty years, by his generosity, personal 
influence and great knowledge of the industry, 
contributed so much towards building up the 
Association to its present high standing. 

Among his remarks, Mr. Swain spoke of the 
state of trade. The Government’s anti-inflationary 
measures, necessary though they had been, had 
not only seriously restricted capital expenditure 
but had also led to much caution and hesitancy in 
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the placing of orders and the issuing of forward 
delivery releases by customers. The revision and 
contraction of the Defence Programme had a 
seriously adverse effect on the demand for drop 
forgings in the special steels and non-ferrous alloys 
that are used by the aircraft industry. In this 
period of re-adjustment we were up against trying 
times, which might even temporarily get worse, but 
he believed, provided no serious political disturb- 
ance or new economic crisis arose, that we could 
look forward towards an improvement in 1959. 

The toast of ‘Our Guests’ was proposed by 
Mr. R. G. M. Morgan, managing director, George 
Morgan Ltd., and replied by Mr. J. Hugh Neill, 
Master Cutler, and Mr. J. Falk Arnold, Prime 
Warden of the Worshipful Company of Black- 
smiths. Mr. Neill, who was recently elected the 
323rd Master Cutler, must at 37 be one of the 
youngest Master Cutlers in the long line of dis- 
tinguished Hallamshire men. His father, Colonel 
Sir Frederick Neill, held the office in 1937. 

The proceedings concluded with a short speech 
by Mr. R. Bennett, chairman, Smethwick Drop 
Forgings Ltd., past president, N A D FS, who, in 
proposing a toast to the ‘ President,’ thanked Mr. 
Swain for presiding at the banquet and paid tribute 
to his work as president. 


ninth technical convention 


THE NINTH technical convention of the NADFS, 
which was held at Droitwich on November 21 
and 22 this year, attracted a record attendance of 
members and guests. 

Unfortunately the Director of NADFS, Mr. A. L. 
Stuart-Todd, was prevented by illness from being 
present, but the members were very glad to wel- 
come Mrs. Todd at the Convention dinner. 

The technical sessions were as follows :— 


November 21 
‘Current American. forging techmque, by Mr. 
Paul Granby (Paul Granby & Co. Ltd.). In this 


paper the operation of a Verson automatic transfer 
press for forging ring gear blanks was described in 
detail and was then illustrated by a colour film. 
This was followed by a description of the principles 


and main uses of the cold extrusion process of 


steel forming, followed by a second film illustrating 
the work in progress in the development depart- 
ment at Verson. The methods of preparing the 
slugs for cold extrusion by cleaning and phosphating 


were clearly shown, followed by the operation of 


an automated cold extrusion press producing small 
items for the automobile trade at the rate of some 
400 per hour. 


* Methods engineering, by Mr. G. Page (Head of 
the Department of Production Engineering, Wol- 
verhampton and Staffordshire College of Tech- 
nology). In this paper Mr. Page outlined the basic 
principles of methods engineering, or as it is some- 
times known, ‘work study.” He appealed particu- 
larly for co-operation from the drop-forging 
industry to allow teams from his department to 
visit drop forges and study and report on the 
methods used. The methods engineer believed 
that ‘ there is always a better way of doing things! ’ 
—but you had to be trained to find it. To illus- 
trate his points he showed a film called ‘ All Over 
the Shop,’ showing how work study teams had 
improved things in a pharmaceutical works, an 
electronics factory and a garment factory. 

The chair at these two sessions was taken first 
by Mr. H. Perry and then by Mr. R. W. N. 
Danielsen. 

A new departure this year was the running of 
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Mr. ¥. H. Swain 
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two specialist discussion groups concurrently with 
the first two technical sessions. These proved an 
outstanding success, so much so that they had to 
be carried on the following day. Two discussion 
groups were set up as follows :— 

1. For metallurgists. ‘Recent developments in 
alloy steels,’ led by Mr. E. T. Gill and Mr. G. 
Mayer of Mond Nickel Research and Development 
Laboratories. 

2. For die designers. ‘ Die design and forging 
design,’ led by Mr. J. Wright and Mr. A. William- 
son of Vauxhall Motors Ltd. 


November 22 

* Some aspects of die wear, by Mr. H. A. Southan 
Messrs. A. J. Vaughan & Co. (Mitre Works) Ltd.). 

Mr. Southan first described the work on die wear 
carried out at Messrs. Vaughan’s works, using a 
radioactive insert (see Metal Treatment, April, 
1957), and then showed by means of numerous 
slides some of the ways in which drop-forging dies 
may fail in service. 

The technical sessions concluded with the show- 
ing of the following films :— 

‘The Whole Works.’ A further film on the 
subject of work study, showing in this case how the 
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concluded from page 520 


Looking at the diagram it was obvious that if 


En 25 was to be properly annealed, by normal 
methods, it meant taking up at least a day and 
probably more. To avoid that, he could see no 
alternative except to air-cool it, letting it take what 
structure it would, partially bainitic in all prob- 
ability, and then by taking it up again to a tem- 
perature just below the critical point (call it ‘ sub- 
critical annealing’ or ‘ super-tempering,’ in this 
case the temperature was just short of 700°C.), one 
might spherodize and agglomerate the carbide 
particles and in that way improve its machinability. 
He did not think that one could ever make it 
readily machinable unless one was prepared to 
spend more than 10 hours on isothermal annealing 
at 650 or else more than a day on conventional 
annealing. 

Mr. Craythorne (Forgings and Presswork) asked 
Mr. Bird for his personal opinion of the cause of 
temper brittleness in low-alloy steels. Mr. Bird 
said that he had no clear idea, and to the 
best of his belief experts were still searching to 
find a satisfactory explanation for temper brittle- 
ness. He thought it occurred, although he might 
be wrong in this, only in nickel/chromium steels, 
and was avoided entirely in either a nickel steel 
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Edmonton works of British Oxygen Engineering 
Ltd. was rearranged according to the designs of a 
team of work study engineers. 

* Electric Induction Heating.’ A film made by 
Metropolitan Vickers Ltd. showing the various 
ways in which high-frequency induced eddy cur- 
rents can heat metal either for melting or for such 
operations as brazing, etc., according to the fre- 
quency employed. 

‘Rhythm of the Rails.” A film made by the 
British Iron and Steel Federation on the subject of 
the country’s railway system and the importance 
of steel in railway engineering. 

The chair at these technical sessions was taken 
by Mr. J. L. Hewitt. 


Social functions 

On the evening of November 21 the Convention 
Dinner was held, with Mr. J. H. Swain, the 
president, in the chair. Once again, because of the 
large attendance, the dinner had to be split, one 
party in the Worcestershire Hotel and the other in 
the Raven. 

The evening of November 21 concluded with 
the annual ‘ Get-Together ’ in the Winter Gardens. 


or manganese molybdenum or nickel/chromimum 
molybdenum steels, and for that reason he per- 
sonally disliked nickel/chromium steels and his 
firm had said goodbye to them for rehable manu- 
facture years ago. 


Explanations had ranged from grain boundary 
precipitation to concentration of ferritic solute 
atoms at the grain interfaces. Perhaps precipita- 
tion, concentration of solute atoms, and the conse- 
quent denuding adjacent were all involved. Fine 
grain size and quick cooling after tempering were 
helpful. 

Answering a query regarding bainitic structures, 
the lecturer said these should not arise in quench- 
ing carbon steels which would be martensitic and 
troostitic, or in limited section En 25 producing 
martensite. For lower alloys or large section En 25 
a mixed structure of martensite and lower bainite 
would be produced which when tempered would 
have satisfactory properties because the bainite 
was formed at temperatures close to the M, point. 
When upper bainite was present formed at higher 
temperatures, together with ferrite and pearlite, it 
was less satisfactory. 

The electron microscope suggested that the 
reason was the thin filmlike plates of carbide be- 
tween the slower enucleating ferrite plates of the 
bainite consequent upon the longer time available 


for segregation. 
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Mr. G. P. Tinker, chairman, Birlec- 
Efco (Melting) Ltd. and managing 
director, Birlec Ltd. 


tor, Birlec-Efco 


Birlec-Efco (Melting) Ltd. 

THE BOARD of the newly-formed company—Birlec-Efco 
Melting) Ltd.—comprises Mr. George P. Tinker, 
chairman, Mr. J. C. Howard, managing director, Mr 
F. S. Leigh, assistant managing director, Messrs. D. L 
Campbell, J. H. Crossley, P. F. Hancock, J. A. Monks 
and T. G. Tanner. The secretary of the company will 
be Mr. J. C. Mantell. 

The company has been formed by Birlec Ltd. and 
Efco Ltd. for the design and supply of all types of 
electric melting furnaces, including vacuum melting 
furnaces, for the ferrous and non-ferrous metals in 
dustries, together with smelting furnaces and induction 
heating equipment. Its offices are at Westgate, Aldridge 
Staffs. 


The director of the British Cast Iron Research Asso- 
ciation, Dr. J. G. Pearce, C.B.E., retires from office at 
the end of this year. The British Cast Iron Research 
Association was founded in 1921 and Dr. Pearce has held 
the post of director since 1924. 


Internationally known and respected wherever iron- 
founding is practised, Dr. Pearce is a graduate of Bir- 
mingham University, and among other distinctions holds 
an honorary doctorate (D.Ing.) from the University of 
Aachen, awarded in 1948. He received the O.8.E. in 
1950 and the C.B.E. in 1957. He has been a member 
of the Worshipful Company of Founders since 1935 and 
the Livery recently conferred on him the Founders’ 
Medal for services to the art and mystery of ironfounding 

Dr. Pearce was earlier associated with Sir Arthur 
Fleming in the planning and organization of the research 
and education department created by the Metr.politan- 
Vickers Electrical Co. Ltd. in Manchester, and he was 
co-author with Sir Arthur of two textbooks on apprentice 
training and research in industry. 


Dr. Pearce has served on numerous national aid inter- 
national committees: since 1935 he has been chairman 
of the Main Committee on Cast Iron of the British 
Standards Institution, and he is chairman of the appro- 
priate cast iron committee of the International S:andards 
Organization, which had its first meeting in London in 


Mr. 7. C. Howard, managing dirs 





Ur. F. S. Leigh, assistant managing 


Melting) Ltd lirector, Birlec-Efco (Melting) Ltd 
1955. His interest in education made him active in 
promoting the British Foundry School in 1935, later 
reconstituted in 1948 at Wolverhampton as the National 
Foundry College 


Mr. H. Morrogh, present deputy director of B CIR A, 
succeeds Dr. Pearce as director 


Mr. W. E. Golcher, managing director of John 
Golcher Ltd., drop forgers, of King’s Hill, Wednesbury, 
Staffs., was elected a member of the council of the 
Industrial Welfare Society at the annual meeting in 
London last month 


He is on the technical committee of the National 
Association of Drop Forgers and Stampers and was 
formerly a member of its council 


Mr. Eric Walker has been appointed managing 
director of the Phosphor Bronze Co. Ltd. in succession 
to Mr. A. N. Wormleighton. He will be assisted by a 
team which includes Mr. Philip Broadbent, Mr. Jack 
Kitchen and Mr. Gordon Swinyard 


Mr. Walker has been associated with the Birfield 
Group since 1948; originally works director and then 
sales director of Kent Alloys Ltd., he has for the past 
year been director of the Aviation and Engineering 
Divisions of Birfield Industries Ltd 

Mr. Philip A. Broadbent, A.M.1.MECH.E., A.M.B.I.M., 
who joined Birfield Industries Ltd. this year as project 
engineer in the Engineering Division, will be works 
manager. 

Mr. Jack Kitchen, who joined the company in 1934, 
will act as sales manager 


Mr. Gordon Swinyard, M.SC., A.1.M., who was with 
J. Stone & Co. from 1939 to 1953, joining Birfield In- 
dustries Ltd. as metallurgical consultant in February, 
1958, after being a full-time lecturer at Acton and Brunel 
Technical Colleges, will be chief metallurgist 


Mr. J. Davies has been appointed general manager of 
Abbey Heat Treatments Ltd. He was until recently 
with Expert Tool Heat Treatments Ltd 
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8,000-I1b forging manipulator 


THE MANUFACTURE of an 8,000-lb capacity manipulator, 
under a license agreement with Salem Brosius, U.S.A., 
has just been completed by The Head Wrightson Machine 
Co. Ltd., a subsidisry of Head Wrightson & Co. Ltd 
[he manipulator is being supplied to France, and is de- 
signed to handle rounds or squares from a minimum of 
4} in. to a maximum of 24 in., and this particular mach- 
ine will be used for forging locomotive axles 


Main features 


Lateral shift Provision is made for a complete side 
movement to the work-head, up to a maximum of 12 in. 
each side of the centre line of the machine and, where 
multi-impression die-work is concerned, this is a very 
important feature, as it enables pieces to be transferred 
across the dies without the necessity of moving the whole 
machine. Due to the trend in the forging industry today 
towards the precessing of higher-alloy steels of extreme 
hardness, close attention has been given to the vertical 
and horizontal shock-absorbing features 


Continuous or intermittent rotation is provided for the 
head and it can be tilted in the up or down direction, 
enabling it to pick up pieces from the floor. A slipping 
coupling is fitted to this drive to prevent damage to the 
motor during forging operations 

Hydraulics Two pumps driven through a vee-belt 
drive provide hydraulic power for all motions of the 
machine. 


One pump is used to operate the traction motor up to 
approximately one-quarter full speed, and the steering, 
and is of the automatic variable-delivery type. The 
other pump is of fixed-delivery type and is used to power. 
all the head motions, traction motor top speed and 
hydraulic brakes. Provision is made to off-load this 
pump automatically through an unloading valve when 
pressure is reached in the system, and it is therefore not 
running under full load for long periods. 

With the exception of the brake valve, which is mounted 
under the brake foot pedal, all control valves are grouped 
together in a single compact unit. The traction valves 
have been modified to operate from foot pedals, and so 
leave the operator’s hands free for working the head 
positioning valves. 
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Proportional steering is obtained by means of a ‘ feed 
back’ from the steering gears to the steering valve tail 
shaft. This closes the steering valve after the rear wheel 
has rotated the necessary amount, so that the position of 
the rear wheel is at all times relative to the position of the 
steering wheel. 

Two accumulators used in the system are identical for 
spares considerations, as are the three heavy-duty pump 
motor units 

Intake to the pumps is through 0-005-in. filters sub- 
merged in the main reservoir, whilst a micro-filter is fitted 
in the outlet line from the variable pump. 


A header tank behind the operator’s seat maintains a 
head on the pumps, helping to eliminate possible trouble 
due to air entering the suction lines. A valve is provided 
to shut off this head when the filters require cleaning. 

In order to simplify the brake system, the brake seals 
are provided in a synthetic rubber suitable for operation 
with the main hydraulic oil, the necessary pressure for 
brake operation being obtained from an intensifier 


Controls All the head motions are operated by hand 
valves mounted on the console-type control unit and 
situated in a convenient position for ease of operation. 

The traction is controlled by two foot pedals, one for 
low speed and both together for maximum speed. This 
method, together with the use of large hydraulic brakes, 
achieves a very fine inching control useful for precise 
longitudinal positioning of the work-piece 

Both traction pedals have a ‘ heel and toe’ rocking 
motion for ‘ forward’ and ‘ reverse’ direction of travel 
respectively 

Power supply This machine derives its power from a 
Perkins L4 diesel engine governed at 1,800 rpm and 
developing 50 h p. If desired, an electric motor could be 
substituted for the diesel engine necessitating a cable reel 
and slip-ring arrangement. 


New ring rolling mill 


Last month, the chairman of N. Hingley & Sons Ltd., 
of Netherton, Worcs., Mr. Cyril E. Lloyd, 0.B.£., M.1.C.E., 
pressed the starter button of a new ring rolling mill. 


The new mill will enable the company to expand its 
output of light section rings up to 72 in. dia., the rings 


The 8,000-/b mobile manipulator 
designed and manufactured by 
Head Wrightson for all forging 
operations. This particular 
machine was ordered by a French 
firm 
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being produced in a range of non-ferrous metals including 
the ‘ Nimonic’ series and titanium; rings are also made 
in stainless steels as well as other alloy and carbon steels. 
Great precision is called for. The rings are required to 
conform to very fine limits of dimensional accuracy and 
also be absolutely uniform in section and flatness. 


The new mill, which was designed and built by the 
company’s engineers at the Netherton works, will yield 
rings of unsurpassed precision and quality in all the metals 
handled. It is fed with punched blanks. The mill is 
electrically driven and the arrangement of rolls and 
positioning devices ensures that each blank is subjected 
to evenly distributed and uniform pressure applied 
hydraulically to expand the blank into the required ring 
form—the grain flow round the ring, a most important 
factor, is also uniform. 


The rings are used for a vast range of engineering 
components. Examples of interesting applications are 
their use in aircraft engines, guided missiles, nuclear 
energy plant, ship’s engines and in the various types of 
power units which are being used in the new railway 
locomotives. 

Both welded and weldless rings are produced in very 
large numbers and sizes ranging from 4 in. i.d. up to 
72 in. o.d. 


Rings that are not formed on one or another of the 
company’s ring rolling mills are produced by press and 
hammer forging of a conventional character. These 
departments of the works are very well equipped and 
throughout the manufacturing process there is applied 
very strict metallurgical control 


After the official opening of the new mill the guests 
were received by the chairman at Hingley Hall, and lunch 
was served in a marquee erected on the company’s sports 
ground. The toast ‘Our guests” was proposed by 
Mr. P. Jump, M.I.MECH.E., chairman of N. Hingley 
& Sons (Netherton) Ltd., and Mr. A. L. Stuart-Todd, 
C.B.E., M.A., J.P., of the National Association of Drop 
Forgers and Stampers, replied on behalf of the 
guests. 


Nickel alloy permanent magnets 


Shown below are twelve different magnets which were dis- 
played by the Mond Nickel Co. Ltd. on their stand at this 
year’s Physical and Optical Societies’ exhitition. (Supplied 
by Wm. Fessop & Sons Ltd 
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BISRA conference 

The Plant Engineering and Energy Division of BISRA 
is organizing a conference on the general theme of ‘ Iron 
and steel works buiidings,’ at Ashorne Hill, near Leaming- 
ton Spa, from January 13 to 15, 1959, under the director- 
ship of Mr. R. L. Willott, p.s.o., 0.B.£., chief mechanical 
engineer, John Summers & Sons Ltd 

Ten papers will be presented. In addition to several 
covering British constructional steelworks practice, there 
will be contributions by French and German designers 
working in this field. An important feature of the con- 
ference will be detailed consideration of the civil and 
structural engineering aspects which influence capital and 
maintenance costs and facilities for improving output. 
The conference will close with a paper on the archi- 
tectural aspects of steelworks buildings by Mr. F 
Gibberd, C.B.E., F.R.1.B.A., who will also summarize the 
proceedings. 

Further details of the organizational arrangements, 
etc., may be obtained from the Technical Secretary, Plant 
Engineering and Energy Division, British Iron and Steel 
Research Association, 140 Battersea Park Road, London, 
S.W.11 


Oxidation of metals at high temperatures 


Dr. C. E. Birchenall ‘Associate Protessor of Chemistry 
at Princeton University, U.S.A.) has accepted an invita- 
tion from the Metal Physics Committee of the Institute 
of Metals to lecture on ‘ The oxidation of metals at high 
temperatures.’ The lecture will be given at 6.30 p.m 
on January 15, 1959, at the institute’s headquarters, 
17 Belgrave Square, London, S.W.1. Visitors will be 


welcome. No tickets are required 


Resistance casting 

Recently demonstrated at the British Welding Research 
Association, Abington, near Cambridge, a discovery in 
resistance welding, provisionally patented, is now being 
developed there. The discovery evolved directly from 
work done at Abington for the U.K. Atomic Energy 
Authority 


In spot welding, molten metal is expelled if the welding 
current is too high or if the electrode force is too low 
This moiren metal can be directed into a cavity in the 
welding face of an otherwise normal spot-welding elec- 
trode. Since it freezes there to form a stud, strongly 
welded to the parent sheet, the technique is known as 
resistance casting, or sometimes as stud raising, OF 
pimple welding 

Studs of highly varied shapes and sizes have been 
formed by this process in a wide range of metals, including 
steel, stainless steel, light alloys, titanium, and nickel 
alloys. A peg of similar or different material inserted in 
the electrode cavity can be cast into the stud ; strong metallic 
bonding between the peg and stud can occur with com- 
patible metals, though the purely mechanical joint formed 
with non-metallic pegs may also be strong. If both 
electrodes are provided with a cavity, projections will be 
formed on both sides of the article. Since the metal 
for the stud is drawn from the molten spot-weld nugget 
it is generally necessary to have at least two sheets of 
metal between the spot-welding electrodes in order to 
raise a stud. 


It is proposed to undertake a survey of possible indus- 
trial applications for the new process, but some are 
already obvious. Amongst the less obvious ones are the 
raising of projections on tubes or flat surfaces to form 
heat exchangers. Projections suitable for projection 
welding can be made by resistance casting on metal too 
thick to be raised by pressing. 
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Electrical Aids in Industry 


Induction Heating -1 


Electro-magneticinduction was discovered 
by Faraday and used by him to evolve the 
electric motor. In some cases, induction 
can be a nuisance by causing heat losses to 
arise from induced eddy currents in near- 
by pieces of metal, but in industry today 
those heat losses are being turned to good 
account as a method of metal heating. 

Induction heating produces heat only in 
the work piece. This is a fascinating and 
spectacular process which has the addi- 
tonal merit of being extremely effective. 
An important feature of induction heating 
is that it gives rapid temperature rise with 
no time lag, starting being instantaneous. 
Perhaps its greatest advantages are that it 
can be used in automatic processes and 
does not demand skilled labour. 

Induction heating can deal efficiently 
with all the applications outlined below, 
and including metal melting, preheating 
and stress relieving, surface hardening, 
heating of large components, preheating 
of steel tubes for manipulating, heating 
for shrinking, for forging and extrusion, 
as well as for the heating of vessels. There 
are various methods of applying it, the 
method to be used being dictated by the 
application. 

Technical details relating to the choice 
and use of individual types of induction 
heating will be set out in a subsequent 
data sheet. 


Metal melting 

The oldest and largest application of 
induction heating lies in the melting of 
metals. The outstanding advantages are: 
freedom from deleterious gases and 
products of combustion 

and other contaminants, 

rapid speed of melting, low 

running costs, improved 

working conditions and 

reduced metal loss. 


Metallurgical processes 

This covers a large variety of processes 
which may be basically divided into 
surface heating and through heating. 
Most processes fall into the former 
category and are used for the purpose of 


: (heal 
skin hardening. They include the treat- 
ment of such components as: pins, 
camshafts, crankshafts, rollers, cylinder 


liners, gear teeth, rocker arms and shafts 
and valve stems. 
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Data Sheet No. 2 


O 


Through Heating 


When the current in an induction 
coil is maintained for a longer 
Period it results in the heat engen- 
dered in the work piece penctrat- 
ing to a greater depth and eventu- 


ally throughout the piece. It is ee 
largely used for the heating of 


slugs and billets for upsetting and upset 
forging, flanging and nosing, shearing and 
forging and bolt blanks for heading. 


Annealing 


Induction heating is the ideal method of 

altering the character of metals for a 

special purpose. Annealing and its related 

process of tempering, normalizing and 

stress relieving are prominent in this 

category. In the case of annealing, one 
try 


feature of the treatment is that it can be 
localised, while induction tempering can 
do in one minute what would require half- 
an-hour or more with conventional 
furnace heating 


Brazing, soldering and welding 

Brazing and soldering by induction are 
the quickest and cleanest methods of 
joining metals together, and it is often 
beneficial to re-design the parts so that the 
fullest advantage can be taken of induction 
heating. Brazing can be 

used in the case of 

carbide inserts for tools, 

tips for rock drills, parts 

for universal joints, etc., 

while the many appli- 

cations of soldering are 

well-known. It was not 

until weil into the present century that 
the age-old craft of welding became a 
positive aid to greater productivity. 
Induction welding produces a good, clean 
weld because oxidation is almost absent. 


Miscellaneous applications 
Induction heating can be profitably used 
for a large variety of purposes, including 
the fusion and hot pressing of powders, 
heating im vacue, gas determination in 
metals, fusion of glass, chemical work 
and many other processes. 
For further information, get in touch with 
your Electricity Board or write direct to the 
Electrical Development Association 
Excellent reference books are available on 
electricity and productivity (8/6 each or 9/- 
st free) — “Induction and Dielectric 
eating’’ is an example 
E.D.A. also have available on free loan a 
series of films on the industrial use of 
electricity. Ask for a catalogue 


Issued by the Electrical Development Association 
2 Savoy Hill, London, W.C.a. 
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NEW PLANT 


Flame-failure equipment 

The new Elcontro]l data sheet FS is a 12-pp. booklet 
dealing fully with the operation and use of the range of 
industrial flame failure and ignition programming con- 
trollers manufactured by Elcontrol Ltd., Wilbury Way, 


Hitchin, Herts 

[wo ranges of equipment are described. The FSM 
units, which detect infra-red flame radiation, are available 
n two forms—the FSM1 for use with gas burners 


1 manual ignition, and the FSM4 for gas burners 
ider fully automatic control 


Ihe other range, known as FSP, is a new introduction 
i makes use of photo-electric flame detection. These 
inits must be used with oil burners where a luminous 
flame is produced. The FSP1 unit corresponds to the 
FSMI1 and is for use on oil burners having manual 
ignition, while the FSP4 enforces a safe lighting-up 
procedure for fully automatic oil burners, as well as giving 
running flame-failure protection The FSP units are 
suitable for monitoring two-burner installations, using 
one control unit with two viewing heads connected in 
serics 

All the units described are available either in cradle 
and chassis form suitable for mounting in complete 
ontrol cabinets, or in steel, cast aluminium or cast-iron 
cases, so that they can be provided to meet all types of 
industrial service conditions, however arduous 





ind 


Elcontrol points out that the installation work involved 
n linking a flame failure and programming unit with its 
issociated items, such as indicator lights, alarm bells or 
buzzers, controlling push buttons, burner motor con- 
tactors, etc., can be greatly reduced if a complete control 
panel, already wired up, is provided ready for installation, 
and the company is accordingly now specialising in 
upplying such panels to suit customers’ individual 
requirements 


New corrosion inhibitor 
Hungarian research chemists claim to have recently 
perfected an evaporating rust and corrosion inhibitor 
which, because of a simpler manufacturing process, can 
be produced much more cheaply than the product 
ntroduced during the last war by the U.S.A. and known 
as VPI 

Sprayed on to metal as a white crystalline powder it 
quickly evaporates, leaving the surface covered with 
a uni-molecular film which ensures its resistanct 
corrosion. It has even greater effectiveness when impreg- 
nated in wrapping paper 


to 


I'wo cases of metal parts were despatched to China; 
in one case conventional greased paper wrappings were 
used and in the other the parts were protected with 
wrapping paper impregnated with the new inhibitor 
A year later the cases were returned and on opening it 
was found that, whereas those parts packed in the greased 
wrappings had rusted, the inhibitor-impregnated wrap 
pings had given full protection 


Superfine molybdenum disulphide 

The particle size reduction of molybdenum disu 
for use as a solid lubricant has always been a difficult 
undertaking. The finest powders generally obtainable 
have average particle sizes of | micron to 3 micro It 
is possible to reduce MoS, particles in liquids, in ball or 


shide 


w 
oO 
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roller mills. It is, however, often found that such quasi- 
colloidal dispersions are not as effective as the flake 
materials. There appears to be a loss of some of the 
advantageous properties of MoS, possibly also due to 
oxidation 


By means of a quasi air-flotation method, Moly-Paul, 
K. S. Paul (Molybdenum Disulphide) Ltd, Great Western 
lrading Estate, Park Royal Road, London, N.W.10, has 
now produced, on a commercial basis, a molybdenum 
disulphide powder of average particle size of | to $ micron 
lrial production batches have shown considerable con- 
sistency of results 


The particle size distribution of this new Moly-Paul 
superfine powder gives a distribution of over 65°, under 

micron particle size. Microphotographs show that the 
flake-like structure of the molybdenum disulphide has 
been maintained. Most important, however, the change 
in pH value is not detectable, as compared with standard 
and micronated particle size materials 


Until full production commences, experimental samples 
only will be available to interested parties 





All-weather electric truck 

4 new totally enclosed fork-lift truck, Yale Series 51 of 
8,000-lb capacity, fitted with an adjustable jib attachment, 
has been developed by Yale & Towne Ltd, Wednesfield, 
Wolverhampton. It is being found particularly useful 


by one company in setting up drop stamps in thé forge 
section, where it would be difficult to get a jib crane 
between the arms of the drop hammer. The main- 


tenance department also makes use of the truck, whose 
manceuvrability makes for easy movement of cumber- 
some machine parts through low doorways 


The cab is of sheet steel construction throughout, 
combining high strength and rigidity with lightness 
Ihe generous window space (25 sq ft of Triplex safety 


glass) ensures all-round visibility for the driver. This 
is important: without it, the handling of a 30-cwrt oil 
conservator shell- typical load—could be extremely 
dangerous (see fig. | 

1 Yale 


8,000-1b 
capacity 
fork-left 


truck 
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Classified advertisements 


FIFTEEN WORDS for 7/6d. (minimum charge) and 4d. per word thereaite 
Box number 2/6d., including postage of replies tuations Wanted 
2d. per wore 


Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and Drop Forging, John Adam 
House, John Adam Street, London, W.C.2. CAPACITY 
SITUATIONS VACANT 


BrrLec Heating Division Sales Department want Furnace Offered by Firm engaged solely on Die Sinking 


Design Engineer. Duties include discussion with cus- 
omer and liaison with engineering department designers and Tool making for the Drop Forging and 


and estimators, and preparation of project and tender Allied industries including Horizontal Forging 
pecifications. H.N.C. or engineering degree standard.— 
Apply to Personnel Manager (JMP), Birlec Limited, * 
[yburn Road, Birmingham 24 
DEMONSTRATORS SALESMEN wanted, to act as Technical DIES NORMALLY SUNK IN THE HARDENED 
Representatives. Preferably with connections in the AND TEMPERED CONDITION ON CUSTOMERS’ 
ndustry.—Colloidal Graphite Ltd., 336 Watford Way, MATERIAL IF REQUIRED 
London, N.W.4. 

MACHINERY FOR SALE Any size blocks up to approx. 12 cwts. each 
\LASSEY 5-CWT. PNEUMATIC POWER HAMMER. Overhanging 
type with slides. Longest stroke 21 in. Number of auto- DIES DESIGNED FOR ANY TYPE OF FORGING PLANT 
matic blows per minute 140. Anvil set as an angle t& 
accommodate long bars. Arranged direct motor drive Fully Comprehensive Modern Plant enables us to offer 
Complete with anvil. Centre to back 18 in. Size of bar quick deliveries combined with any limit of accuracy 


worked 6 in. square Weight about 6} tons.—F. J 
Edwards Ltd., 359 Euston Road, London, N.W.1, or 


+1 Water Street, B gham 3 
er Src, Biemingham 3. SAWBRIDGE & CO. 


WANTED—One gas-fired 18 24 in. S2 Type Salt Bath 27 TEMPLE BAR - WILLENHALL - STAFFS 
Preferably with pre-heater and control equipment.— 
|. M. Hargreave & Co. Ltd., Central Avenue, West 
Molesey Tel.: Molesey 3180 


BURDON 


The name to remember when 


Telephone: Willenhali 258 














you think of Furnaces. Half 
a century's experience and 
“know-how” guarantees 
every installation. We make 
furnaces of every description 


including :- 


STRESS RELIEVING - HEAT TREATMENT - FORGING - HOT METAL RECEIVERS 


BURDON FURNACES LTD. 


37 LOCHBURN ROAD GLASGOW, N.W. 
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HEAT 
eeeererem (2) | | THOMAS ANDREWS 


AND COMPANY LIMITED 
High-Grade Steel Makers 





Capacity for case-hardening is now ager rt . 

available in the most modern heat- ik: aula iat 
. “ vt ( 

treatment plant in London MONARCH § HOT & COLD DIE STEELS 

1 TOOL HOLDER BITS 


Gas or pack carburising with full 
x metallurgical control over all opera- “HARDENITE” ( CARBON & ALLOY TOOL 
tions ) STEELS forALL PURPOSES 


Gleason quenching press equipmen “ sd ( CARBON TOOL STEEL for 
x for pieces up to 36° dia. plus wide ex ) CHISELS, PUNCHES, &c. 
perience in the control of distortio 
Flame-hardening of gears up to 10 fi ROYDS WORKS AND 
x dia. with latest electronically con HARDENITE STEEL WORKS 
trolled equipment ATTERCLIFFE ROAD, SHEFFIELD. 4 


Export Deperwment 
THE HARDENITE STEEL COMPANY LIMITED 


E. N. V. ENGINEERING COMPANY LTD 
r r T Telegr : 
HYTHE ROAD, WILLESDEN, N.W.1 ~ nn cetien een a 
Telephone LADbroke 3622-3-4-5-6 
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Cut your Forging Costs by installing a... 


BRITISH-MADE 
CHAMBERSBURG CECO-DROP HAMMER 


An air or steam lift, gravity drop 
hammer setting new standards for 
quality and production. 


* Automatic operation with variable 
stroke control. 


* Greater and cheaper production 
per hour. 


* More economical, safer and easier 
to operate. 


* Improved accuracy of die match. 


The Chambersburg Ceco-Drop is an improved-type 
Drop Hammer providing more blows per minute 
and closer tolerances in the forgings. 


Maintenance costs are reduced due to fewer and 
more durable working parts. 


The size available for early delivery is the 3,000 Ibs 
and full details of specifications are contained in a 





comprehensive catalogue which will be sent on 
request. 


Sole Agents :— AD.271 


ALFRED 
H E. R B E R cz LTO., COVENTRY — FACTORED DIVISION, RED LANE WORKS 
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HEAT TREATMENT 
and 


MECHANICAL TESTING 
a 


SPECIAL STEEL CO. LTD. 
SPECIAL TESTING WORKS LTD. 


Managing Director: BENNETT BEARDSHAW,, F.1.M 


Annealing and Normalising Bars up to 24ft. in length 
Oil Hardening and Tempering Bars and Forgings up to 60 cwt. 
Cold Straightening 


MODERN CONTROLLED GAS FURNACES 


TESTING TENSILE - COLD BEND TESTS - {ZOD IMPACT 
BRINELL HARDNESS, ETC. 
TESTS CARRIED OUT AT ELEVATED TEMPERATURES 


Approved : A.I.D. B45587/39 1A. 1A/42/2/41 A.R.B. Al/2368/46 


BACON LANE WORKS * SHEFFIELD, 9 











Telephone 41061-2 Telegrams : Special, Sheffield 








ELECTRO HEAT 3:2 
TREATMENTS rp. ‘si 


BULL LANE, WEST BROMWICH 
© 
Specialists in all types of: 


HEAT TREATMENT 


BRIGHT HARDENING. Smal! compo- 
nents; Bolts, Rivets, Washers, Screws and 
Springs, also large sections up to 3 ft 
BRIGHT ANNEALING. Steel, Stainless 
Steel, Nickel Silver, etc 
CARBO NITRIDING. For Skin Harden ng 
up to .03 in. 
GAS CARBURIZING. Gear Wheels, e:c., 
deep case depths. 
LIGHT ALLOYS. Solution and Precipitation 
up to 10-ft. Sections 
HIGH FREQUENCY. Local Hardenng, 
Annealing, Brazing 
COPPER AND ITS ALLOYS. Chromium 
and Beryllium Copper, Aluminium Bronze, 
Solution Treatment, Ageing and Annealing. 
GENERAL PURPOSE APPLICATIONS. 
Treatment of tools, forgings, castings, spinnings, 
etc., in all alloys. 

° 41 Sidmey Street, Sheffield, 1 


Telephone and Telegroms: West Bromwich 0584 end 0756 Telephone Sheffield 27357/8 











PORTABLE CRACK DETECTOR 

















december, 1958 33 metal treatment 
and Drop Forging 


“Versatile HEAVY DUTY 


BOX FURNACES BY 





These furnaces are true maids-of-all-work. They are ideal for vitreous 
enamelling, annealing, case-hardening, normalising, stress-relieving, or a 
any metallurgical process. Fitted with atmosphere or vacuum con 
tainers they are equally good for bright annealing, degassing, copper 
brazing, sintering, etc. 





. O-KW 
e mechanically- 
® Maximum working temperature Non-distorting hearth e erated model 
1,150°C. ® Highly efficient thermal insulation. ymin ms $47 » 
- . » » a i } e 5) - 
e@Elements fitted in door as well Automatic temperature control 24 18 
as walls. to ensure even tem- ®Safety devices to cover all con- e 
perature. Arranged for rapid tingencies 
heating. ® Easy maintenance. e Hand-operated 
There are so many uses for these furnaces thet you can hardly afford os 
not to investigate. We shall be glad to send you full details of them 
or any other of our wide range of furnaces on request. e 





an be kept 
prt timumous 
production 


HEDIN LIMITED INDUSTRIAL HEATING SPECIALISTS’ ¢« 


Commerce Estate, S. Woodford, London, E.18. BSUCkhurst 660/-3 . 











HEAT ALLOY STEELS - too! 
TREATMENT ue wide seen 


known that -40/50°, Carbon Steel 





Specialised services offered for the treat- Gears will give an appreciably longer 
4 ‘is life when Flame Hardened—in fact 
ee as ne rr saan four to five times the normal. 
metais 
EWER people are aware that 
Alloy Steels—Nickel Chromium 
@ MANGANESE STEEL CASTINGS —En 23, En 24, En 110, etc., can be 
@ PLAIN and ALLOY STEEL FORGINGS pared someigenas peas Ge meet 
stringent tests. 
@ S.G. IRON CASTINGS 
@ BLACKHEART MALL. CASTINGS Write us or ‘phone for full information 
@ STEEL BARS - BILLETS - SHEETS 


ANNEALERS LIMITED | FLAMEHARDENERS LTD 


Shorter Works, Bailey Lane 
PENISTONE ROAD - SHEFFIELD 6 SHEFFIELD. | Telephone 21627 
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STAINLESS STEEL 
HEAT RESISTING 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 


HIGH SPEED TOOL, DIE 

& SPECIAL ALLOY STEELS 

aiso STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 


CYANIDING POTS 

CASE HARDENING BOXES 

CAST IRON, BRASS. GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM erc 





HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 


From a fow ozs up to 10 cwts cach 


M.O.S. approved inspection facilities inst 


Routin ra NEC 


A Johnson . Lisle Sid 


Head Office: BROADFIELD ROAD 
SHEFFIELD 8 (Sheffield 5243 


Foundry : Aiziewood Road, Sheffield 
Machine Shops: Broadfield Road, Sheff 








London Office Central House 
Upper Wo Place, W.C 
(EUSton 4086) 
Glasgow Office : 93 Hope Street 
e..tral 8342.5 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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Broadbent, Thos., & Sons Ltd General Refractories Ltd 3 Roberts Bros 
Brockhouse, j., & Co. Ltd Gibbons Brothers Ltd 24 Sawbridge & Co 527 
Burbidge, H., & Son Ltd " Gibbons (Dudley) Led Schieldrop & Co. Ltd 
Burdon Furnaces Ltd 33 Granby, Paul, & Co 23 Shandon, E. R., Led 
Calorizing Corporation of Great G.W.B. Furnaces Led 26 Shell-Mex & B.P. Lcd 

Britain Led. (The) Hadfielc s Led Siemens-Schuckert (G.B.) Led 
Cambridge Instrument Co. Ltd Head Wrightson Machine Co. Led Sifam Electrical instrument Co. Ltd 
Chambers Gros. Ltd Hedin Lod 29 Smethwick Drop Forgings Ltd 5 
Climax Molybdenum Co. of Europe Herbert A., Led 3! Somers, Walter, Led 36 

Led Hills (West Bromwich) Ltd Spear & jackson Co. Ltd 
Clyde Fue! Systems Led Honeywell-Brown Ltd Special Stee! Co. Ltd 32 
Cooke, Troughton & Simms Ltd LCA kt 189 Stein, john G., & Co. Led 
Coventry Machine Too! Works Ltd incandescent Meat Co. Ltd. (The >? Thermic € cae " 
Cronite Foundry Co. Ltd. (The SN. OS 44 verme quipment gineering 

: 2 industrial Explosives Lcd Co. Ltd 

Delapena & Son Ltd '? integra, Leeds & Northrup Led Thompson, Joseph, (Sheffield) Led 
Dohm Ltd International Furnace Equipment Co % 
Doncaster, Danie!, & Sons Ltd Led Vacuum Industrial Applications Ltd 
Dowson & Mason Ltd : lohnson Foster. H.. Led 34 Vaughan, Edgar, & Co. Ltd 7 
Dunford & Elliott (Sheffield) Led 8 Kelvin & Hughes (industrial) Ltd Wickman Ltd \ 
Efco-Edwards Vacuur Metallurgy Kiveton Park Stee! & Wire Works Wiggin & Co. Led 

Ltd 3S itd Wild-Barfield Electric Furna Ltd 3 
Electric Resistance Furnace Co. Ltd i4 Lafarge Alun s Cement Co. Led Wilkins & Mitchell Led iS 
Electro Heat Treatments Lid 30 8 & 2! Wykeham, W., & Ce 
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Vacuum Furnaces 


As chance-less as chess! 


The chess-master is a shrewd planner—nothing 




















is left to chance ! 

So it is in VACUUM METALLURGY where 
critically planned and controlled 

processes produce super-clean metals 

and alloys with amazingly improved strength 
and physical properties. 

EFCO-EDWARDS HIGH VACUUM FURNACES 
are designed fully to exploit this remarkable 
technology and to produce superior metals by 
the ‘sample’ pound or by the ton ready 

for the high-temperature, high-stress demands 
of the ‘ nuclear-jet-rocket-world.’ 











ABOVE. Efco-Edwords RH40 
resistance heated high vacuum 
brazing furnace. The “swan 

neck" vocuum connection wos 

designed to overcome the low 

headroom. (Courtesy of Joseph VACUUM FURNACES (all 
Lucas, Limited.) capacities) = ——_— 
BELOW. A close-up of molyb- FOR BRAZ . . 
CASTING, ANNEALING. 
HEAT-TREATMENT. 


denum heoter showing the 
concentric radiation shields 


~ EFCO-EDWARDS 


VACUUM METALLURGY LTD 


Netherby, 161 Queens Road, Weybridge, Surrey Manor Royal, Crawley, Sussex 
Weybridge 3891 Crawley 1500 
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We specialise in die blocks; our 
modern die plant is designed ex- 
Clusively for the production of die 
blocks of unvarying excellence. 
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